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Sir: 

Please amend the above-identified International Application before entry into 
the National stage before the U.S. Patent and Trademark Office under 35 U.S.C. §371 
as follows: 
20 In the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 
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SPECIFICATION 
TITLE OF THE INVENTION 
DEVICE FOR GENERATING ELECTRICAL ENERGY 
5 BACKGROUND OF THE INVENTION 

The present invention relates to a device for generating electrical energy. More 
particularly, it relates to a device for generating electrical energy which enables 
atmospheric air to be supplied efficiently to an oxygen electrode, which efficiently 
vaporizes off the water yielded and which has superior waterproof characteristics. 
10 Until now, fossil fiiels, such as gasoline or light oil, have been used extensively 

not only as an energy source for automobiles, but also as an energy source for power 
generation. Through the use of these fossil fuels, mankind could enjoy such benefits 
as drastically improved quality of life or industrial development. On the other hand, 
the earth is imperiled by a serious risk of environmental destruction. Moreover, the 
15 resources of fossil fuel tend to be depleted such that difficulties are feared to be met as 
to a stable supply of fossil fuel over a long term. 

Recently, hydrogen is attracting attention as an energy source which is to take 
the place of the fossil fueL Hydrogen is contained in water and exists abundantly on 
the earth, while a large amount of chemical energy is contained per unit weight 
20 therein. Moreover, when used as an energy source, hydrogen does not yield obnoxious 
materials or gases tending to produce global warming. For these reasons, hydrogen is 
attracting significant attention as being an energy source which is to take the place of 
fossil fixel and which is clean and plentiful in supply. 

Recently, studies and developments in electrical energy generating devices, 
25 capable of taking electrical energy from hydrogen energy, are going on briskly, such 
that expectations are made for application of the electrical energy generating device to 
large-scale power generation or on-site self-generation, or as a power source for 
automobiles. 

A device for taking electrical energy fi-om hydrogen energy includes a 
30 hydrogen electrode, fed with a hydrogen gas, an oxygen electrode, fed with oxygen, 
and a proton conductor film for transmitting protons formed on the hydrogen electrode 
to the oxygen electrode. Hydrogen gas fed to the hydrogen electrode is dissociated by 
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a catalyst action into protons and electrons. The electrons are absorbed by a hydrogen 
electrode while the protons are transported to the oxygen electrode through the proton 
conductor film. The electrons absorbed in the oxygen electrode are migrated through a 
load to the oxygen electrode. On the other hand, oxygen fed to the oxygen electrode is 
5 combined by the catalyst action with the protons and electrons migrated from the 
hydrogen electrode to yield water. The electrical energy generating device is 
constructed so that an electromotive force is generated in this manner across the 
hydrogen and oxygen electrodes to cause the current to flow through a load. 

Since the electrical energy generating device is designed so that oxygen in 

10 atmospheric air is supplied to the oxygen electrode to generate the electrical energy, it 
is mandatory that the device be constructed so as to supply oxygen in atmospheric air 
to the oxygen electrode. The electrons absorbed by the hydrogen electrode are 
transported through the load to the oxygen electrode. The oxygen supplied to the 
oxygen electrode is combined with protons and electrons transported from the 

15 hydrogen electrode to yield water. The electrical energy generating device is designed 
in this manner so that the electromotive force is generated across the hydrogen and 
oxygen electrodes to cause the current to flow through the load. 

Since the electrical energy generating device is constructed so as to supply 
oxygen in atmosphere to the oxygen electrode to generate the electrical energy, it is 

20 mandatory that the device be so constructed as to supply oxygen contained in 
atmosphere to the oxygen electrode. Also, if oxygen becomes affixed to the oxygen 
electrode, the efficiency of generation of the electrical energy is lowered. It is 
therefore essential that the device be constructed so as to vaporize yielded water off 
efficiently. 

25 On the other hand, if the electrical energy generating device is immersed in 

water, the electrical energy device may be destroyed due to shorting. Thus, the 
electrical energy generating device is required to be of a structure having superior 
waterproof characteristics. 

SUMMARY OF THE INVENTION 

30 It is an object of the present invention to provide an electrical energy 

generating device for generating the electrical energy which enables atmospheric air to 
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be supplied efficiently to an oxygen electrode, which efficiently vaporizes off the 
water yielded and which is superior inwaterproof characteristics. 

For accomplishing the above object, the present invention provides an 
electrical energy generating device including a cell having at least a hydrogen 
5 electrode, a proton conductor film, an oxygen electrode, and a sheet cover having an 
air permeability and waterproof characteristics, with the sheet cover shrouding the cell. 

In the electrical energy generating device of the present invention, since the 
sheet cover shrouding the cell including at least the hydrogen electrode, proton 
conductor film and the oxygen electrode is air-permeable and exhibits waterproof 

10 characteristics, oxygen in atmospheric air can be supplied efficiently to the oxygen 
electrode for reaction with protons and electrons. Moreover, water yielded on the 
oxygen electrode by reaction between oxygen, protons and electrons may be 
efficiently vaporized off, while it is possible to improve the waterproof characteristics 
of the electrical energy generating device. 

15 The air-permeable waterproofing sheet cover, forming the electrical energy 

generating device according to the present invention, may be formed of a material 
selected from the group consisting of polyurethane, micro-porous polyolefin, natural 
protein hyperfme powder, and waterproofed polyester. 

The electrical energy generating device according to the present invention 

20 further includes a water-absorbent sheet having an air permeability and a water- 
absorbing property which is provided inside the sheet cover for shrouding the cell, so 
that water formed on the oxygen electrode by reaction of oxygen, protons and 
electrons may be efficiently removed from the oxygen electrode to improve the 
efficiency in generating the electrical energy. 

25 The water-absorbent sheet, used for the electrical energy generating device 

according to the present invention, is formed of a water-absorbent resin selected from 
the group consisting of a cross-linked product of a neutralized polyacrylic acid, a self- 
crosslinked neutralized polyacrylic acid, starch acrylonitrile graft polymer cross-linked 
product, a hydrolizate thereof, a saponified product of vinyl acetate acrylic acid ester 

30 copolymer, an acrylate acrylamide copolymer cross-linked product, a cross-linked 
product of acrylic acid 2 acrylamide 2 methylpropanesulfonic acid copolymer salt, a 
cross-linked product of isobutylene maleic anhydride copolymer salt, cross-linked 
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carboxymethyl cellulose salts and water-absorbent resins selected from the group 
consisting of one or more of the above products. 

The water-absorbent sheet also may be formed by a water-absorbent material 
obtained on processing the cross-linked product of a neutralized polyacrylic acid, a self 
5 cross-linked neutralized polyacrylic acid, a cross-linked product starch acrylonitrile 
graft polymer, a hydrolizate thereof, a saponified product of vinyl acetate acrylic acid 
ester copolymer, a cross-linked product of an acrylate acrylamide copolymer, a cross- 
linked product of acrylic acid 2 acrylamide 2 methylpropanesulfonic acid copolymer 
salt, isobutylene maleic anhydride copolymer salt, cross-linked carboxymethyl 

10 cellulose salts, and water-absorbent resins selected from the group consisting of one or 
more of the above products, with polyurethane having polyoxyethylene groups. 

The electrical energy generating device according to the present invention 
further includes a casing having numerous apertures between the sheet cover and the 
water-absorbent sheet, wherein the casing shrouds the cell . 

15 The water-absorbent sheet is preferably formed by a water- absorbent material 

having numerous apertures. With the use of the water-absorbent sheet, foniied of a 
water-absorbent material, having numerous apertures, the water yielded on the oxygen 
electrode by reaction between oxygen, protons and electrons can be efficiently 
removed from the oxygen electrode. Moreover, oxygen in atmospheric air can be 

20 efficiently supplied to the oxygen electrode through these numerous apertures for 
reaction with protons and electrons. By the reaction between oxygen, protons and 
electrons, the water generated on the oxygen electrode can be efficiently vaporized off. 

hi the electrical energy generating device according to the present invention, 
the hydrogen electrode is a hydrogen electrode plate, the oxygen electrode is an 

25 oxygen electrode plate. The cell includes a hydrogen gas flow path plate, in which a 
number of apertures are formed by lattice, so that a first hydrogen electrode plate, a 
first proton conductor film and a first oxygen electrode plate are arrayed in an order 
thereof in one side of the hydrogen gas flow path plate and a second hydrogen 
electrode plate, a second proton conductor film and a second oxygen electrode plate 

30 are arrayed in an order thereof on another side of the hydrogen gas flow path plate. 

Preferably, the first hydrogen electrode plate and the second hydrogen 
electrode plate are each formed a number of apertures by lattice. The first hydrogen 
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electrode plate and the hydrogen gas flow path plate are arrayed so that each of the 
apertures formed in the first hydrogen electrode plate passes through the apertures 
formed in the hydrogen gas flow path plate, with a first hydrogen gas channel being 
formed therebetween. The second hydrogen electrode plate and the hydrogen gas flow 
5 path plate are arrayed so that each of the apertures formed in the second hydrogen 
electrode plate passes through the apertures formed in the hydrogen gas flow path 
plate, with a second hydrogen gas channel being formed therebetween. 

With the electrical energy generating device according to the present invention, 
simply the first hydrogen electrode plate and the hydrogen gas flow path plate are 

10 arrayed so that each of the apertures formed in the first hydrogen electrode plate passes 
through the apertures formed in the hydrogen gas flow path plate, with a first hydrogen 
gas channel being formed therebetween, while the second hydrogen electrode plate 
and the hydrogen gas flow path plate are arrayed so that each of the apertures formed 
in the second hydrogen electrode plate passes through the apertures formed in the 

15 hydrogen gas flow path plate, with a second hydrogen gas channel being fonned 
therebetween, so that the hydrogen gas may be contacted efficiently with the hydrogen 
electrode to improve the efficiently in generating the electrical energy. 

More preferably, with the electrical energy generating device of the present 
invention, the hydrogen electrode plate and the hydrogen gas flow path plate are 

20 arrayed so that at least a part of points of intersection of the lattice of the first hydrogen 
electrode plate is within the inside of the multiple apertures formed in the hydrogen 
gas flow path plate, and so that at least a part of points of intersections of the lattice of 
the hydrogen gas flow path plate is within the inside of the multiple apertures formed 
in the first hydrogen electrode plate, with the first hydrogen gas channel being formed 

25 therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow path 
plate are arrayed so that at least part of points of intersection of the lattice of the 
second hydrogen electrode plate is within the inside of the multiple apertures formed 
in the hydrogen gas flow path plate and so that at least a part of points of intersections 
of the lattice of the hydrogen gas flow path plate is within the inside of the multiple 

30 apertures formed in the second hydrogen electrode plate, with the second hydrogen gas 
channel being formed therebetween. 



6 



With the electrical energy generating device of the present invention, the 
hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that at 
least a part of points of intersection of the lattice of the first hydrogen electrode plate is 
within the inside of the multiple apertures formed in the hydrogen gas flow path plate, 
5 and so that at least a part of points of intersections of the lattice of the hydrogen gas 
flow path plate is within the inside of the multiple apertures formed in the first 
hydrogen electrode plate, with the first hydrogen gas channel being formed 
therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow path 
plate are arrayed so that at least part of points of intersection of the lattice of the 

10 second hydrogen electrode plate is within the inside of the multiple apertures formed 
in the hydrogen gas flow path plate and so that at least a part of points of intersections 
of the lattice of the hydrogen gas flow path plate is within the inside of the multiple 
apertures formed in the second hydrogen electrode plate, with the second hydrogen gas 
channel being formed therebetween. Thus, the apertures of the first hydrogen 

15 electrode plate, the points of intersection of the lattice of which are within the inside of 
the multiple apertures formed in the hydrogen gas flow path plate communicate with 
four apertures formed in the hydrogen gas flow path plate, the apertures of the 
hydrogen gas flow path plate, the points of intersection of the lattice of which are 
within the inside of the multiple apertures formed in the first hydrogen electrode plate, 

20 communicate with four apertures formed in the first hydrogen electrode plate, 
apertures of the second hydrogen gas flow path plate, the points of intersection of the 
lattice of which are within the inside of the multiple apertures formed in the hydrogen 
gas flow path plate, communicate with four apertures formed in the hydrogen gas flow 
path plate and the apertures of the hydrogen gas flow path plate, the points of 

25 intersection of the lattice of which are within the inside of the multiple apertures 
formed in the second hydrogen electrode plate, communicate with four apertures 
formed in the second hydrogen electrode plate. Since the hydrogen gas flows through 
the inside of the cell, along the surfaces of the first and second hydrogen electrode 
plates, as the gas is spread two-dimensionally, the hydrogen gas may be efficiently 

30 contacted with the hydrogen electrode to improve the efficiency in generating the 
electrical energy. 
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With the electrical energy generating device according to the present invention, 
it is preferable that at least part of the multiple apertures formed in the first hydrogen 
electrode plate and at least part of the multiple apertures formed in the hydrogen gas 
flow path plate are substantially of a same shape, while at least part of the multiple 
apertures formed in the second hydrogen electrode plate and at least part of the 
multiple apertures formed in the hydrogen gas flow path plate are substantially of a 
same shape. 

At least part of the multiple apertures formed in the first hydrogen electrode 
plate and at least part of the multiple apertures formed in the hydrogen gas flow path 
plate are substantially of a same rectangular shape, while at least part of the multiple 
apertures formed in the second hydrogen electrode plate and at least part of the 
multiple apertures formed in the hydrogen gas flow path plate are substantially of a 
same rectangular shape. 

By this configuration, the first and second hydrogen electrode plates and the 
hydrogen gas flow path plate may be machined easily, while the hydrogen gas may be 
efficiently and evenly contacted with the hydrogen electrode to improve the power 
generating efficiency. 

With the electrical energy generating device according to the present invention, 
the hydrogen electrode plate and the hydrogen gas flow path plate aiTayed so that at 
least part of points of intersection of the lattice of the first hydrogen electrode plate is 
coincident with center points of the multiple apertures formed in the first hydrogen 
electrode plate, and so that at least part of points of intersection of the lattice of the 
hydrogen gas flow path plate is coincident with center points of the multiple apertures 
formed in the first hydrogen electrode plate, with the first hydrogen gas channel being 
formed therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow 
path plate are arrayed so that at least part of points of intersection of the lattice of the 
second hydrogen electrode plate is coincident with center points of the multiple 
apertxires formed in the hydrogen gas flow path plate, and so that at least part of points 
of intersection of the lattice of the hydrogen gas flow path plate is coincident with 
center points of the multiple apertures formed in the second hydrogen electrode plate, 
with the second hydrogen gas channel being formed therebetween. 
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With the electrical energy generating device according to the present invention, 
the thickness of the hydrogen gas flow path plate is from of 0.01 mm to 1 mm, while 
the thickness of each of the first and second hydrogen electrode plates is from 0.01 
mm to 1 mm. 

5 The hydrogen gas flow path plate is formed of a material selected from the 

group consisting of polycarbonate, acrylic resin, ceramics, carbon, hastelloy, stainless 
steel, nickel, molybdenum, copper, aluminum, iron, silver, gold, platinum, tantalum 
and titanium. 

The first and second hydrogen electrode plates are each formed of a material 

10 selected from the group consisting of hastelloy, stainless steel, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the second hydrogen electrode plate are each 
formed of a number of apertures by a lattice, and the cell further includes a first air 

1 5 flow path plate in which a number of apertures are formed by a lattice and a second air 
flow path plate in which a number of apertures are formed by a lattice. The surface of 
the first oxygen electrode plate opposite to the first proton conductor film and the first 
air flow path plate are arrayed so that each of the apertures formed in the first oxygen 
electrode plate passes through the apertures formed in the first air flow path plate and 

20 so that with a first air channel being formed therebetween, whereas the surface of the 
second oxygen electrode plate opposite to the second proton conductor film and the 
second air flow path plate are arrayed so that each of the apertures formed in the 
second oxygen electrode plate passes through the apertures formed in the second air 
flow path plate, with a second air channel being formed therebetween. 

25 With the present electrical energy generating device, the first oxygen electrode 

plate and the second hydrogen electrode plate are each formed of a number of 
apertures by a lattice, the cell further includes a first air flow path plate in which a 
number of apertures are formed by a lattice and a second air flow path plate in which a 
number of apertures are formed by a lattice, the surface of the first oxygen electrode 

30 plate opposite to the first proton conductor film and the first air flow path plate are 
arrayed so that each of the apertures formed in the first oxygen electrode plate passes 
through the apertures formed in the first air flow path plate, with a first air channel 



9 



being formed therebetween, whereas the surface of the second oxygen electrode plate 
opposite to the second proton conductor film and the second air flow path plate are 
arrayed so that each of the apertures formed in the second oxygen electrode plate 
passes through the apertures formed in the second air flow path plate, with a second air 
chaimel being formed therebetween. Thus, air may be allowed to flow through the 
inside of the cell, along the surfaces of the first and second hydrogen electrode plates, 
as the gas is spread two-dimensionally, so that the hydrogen gas may be efficiently 
contacted with the hydrogen electrode to improve the efficiency in generating the 
electrical energy.Moreover, the first oxygen electrode plate and the first air flow path 
plate are arrayed so that each of the apertures formed in the first oxygen electrode plate 
passes through the apertures formed in the first air flow path plate, with the first air 
channel being formed therebetween, while the second oxygen electrode plate and the 
first air flow path plate are arrayed so that each of the apertures formed in the second 
oxygen electrode plate passes through the apertures formed in the second air flow path 
plate, with the second air channel being formed therebetween. Thus, the hydrogen gas 
may be efficiently contacted with the hydrogen electrode to improve the efficiency in 
generating the electrical energy. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate arrayed so that at least 
part of points of intersection of the lattice of the first oxygen electrode plate is within 
the inside of the multiple apertures formed in the first air flow path plate, and so that at 
least part of points of intersection of the lattice of the first air flow path plate is within 
the multiple apertures formed in the first oxygen electrode plate, with the first air 
channel being formed therebetween, whereas the second oxygen electrode plate and 
the second air flow path plate are arrayed so that at least part of points of intersection 
of the lattice of the second oxygen electrode plate is within the inside of the multiple 
apertures formed in the second air flow path plate, and so that at least part of points of 
intersection of the lattice of the second air flow path plate is within the multiple 
apertures formed in the second oxygen electrode plate, with the second air channel 
being formed therebetween. 

With the above-described electrical energy generating device, in which the first 
oxygen electrode plate and the first air flow path plate are arrayed so that at least part 
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of points of intersection of the lattice of the first oxygen electrode plate is within the 
inside of the multiple apertures formed in the first air flow path plate, and so that at 
least part of points of intersection of the lattice of the first air flow path plate is within 
the multiple apertures formed in the first oxygen electrode plate, with the first air 
channel being formed therebetween, whereas the second oxygen electrode plate and 
the second air flow path plate are arrayed so that at least part of points of intersection 
of the lattice of the second oxygen electrode plate is within the inside of the multiple 
apertures formed in the second air flow path plate, and so that at least part of points of 
intersection of the lattice of the second air flow path plate is within the multiple 
apertures formed in the second oxygen electrode plate, with the second air channel 
being formed therebetween. Thus, the apertures of the first oxygen electrode plate, the 
points of intersection of the lattice of which are within the inside of the multiple 
apertures formed in the first air flow path plate, communicate with four apertures 
formed in the first air flow path plate, the apertures of the first air flow path plate, the 
points of intersection of the lattice of which are within the inside of the multiple 
apertures formed in the first oxygen electrode plate, communicate with four apertures 
formed in the first oxygen electrode plate, the apertures of the second oxygen electrode 
plate, the points of intersection of the lattice of which are within the inside of the 
multiple apertures formed in the second air flow path plate, communicate with four 
apertures formed in the second air flow path plate and the apertures of the second air 
flow path plate, the points of intersection of the lattice of which are within the inside of 
the multiple apertures formed in the second oxygen electrode plate, communicate with 
four apertures formed in the second oxygen electrode plate. Thus, the air may be 
allowed to flow through the inside of the cell, along the surfaces of the first and second 
hydrogen electrode plates, as the gas is spread two-dimensionally, so that the hydrogen 
gas may be efficiently contacted with the hydrogen electrode to improve the efficiency 
in generating the electrical energy. 

Preferably, at least part of the multiple apertures formed in the first oxygen 
electrode plate and at least part of the multiple apertures formed in the first air flow 
path plate are substantially of a same shape, whereas at least part of the multiple 
apertures formed in the second oxygen electrode plate and at least part of the multiple 
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apertures formed in the second air flow path forming plate are substantially of a same 
shape. 

In a preferred embodiment of the present invention, at least part of the multiple 
apertures formed in the first oxygen electrode plate and at least part of the multiple 
apertures formed in the first air flow path plate are substantially of a same rectangular 
shape, whereas at least part of the multiple apertures formed in the second oxygen 
electrode plate and at least part of the multiple apertures formed in the second air flow 
path forming plate are substantially of a same rectangular shape. By this 
configuration, the first and second oxygen electrode plates and the first and second air 
flow path plates may be machined easily, while the oxygen gas may be efficiently and 
evenly contacted with the oxygen electrode to improve the power generating 
efficiency. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first oxygen electrode plate is 
coincident with center points of the multiple apertures formed in the first air flow path 
plate, and so that at least part of points of intersection of the lattice of the first air flow 
path plate is coincident with center points of the multiple apertures fomied in the first 
oxygen electrode plate, with the first air channel being formed therebetween, whereas 
the second oxygen electrode plate and the second air flow path plate are arrayed so that 
at least part of points of intersection of the lattice of the second oxygen electrode plate 
is coincident with center points of the multiple apertures formed in the second air flow 
path plate, and so that at least part of points of intersection of the lattice of the lattice 
of the second air flow path plate is coincident with center points of the multiple 
apertures formed in the second oxygen electrode plate, with the second air channel 
being formed therebetween. By such configuration, the oxygen gas may be efficiently 
and evenly contacted with the oxygen electrode to improve the power generating 
efficiency. 

A thickness of each of the first air flow path plate and the second air flow path 
plate is fi-om 0.01 mm to 0.5 mm. A thickness of each of the first oxygen electrode 
plate and the second oxygen electrode plate is fi*om 0.01 mm to 1 mm. 
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The first air flow path plate and the second air flow path plate are each formed 
of a material selected from the group consisting of polycarbinate, acrylic resin, 
ceramics, carbon, hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, 
iron, silver, gold, platinum, tantalum and titanium. 
5 The first and second oxygen electrode plates are each formed of a material 

selected from the group consisting of hastelloy, stainless steel, nickel, molybdenum, 
copper, aluminimi, iron, silver, gold, platinum, tantalum, titanium and alloys thereof. 

With the electrical energy generating device according to the present invention, 
the cell further includes a first module retention plate in which a number of apertures 

10 are formed by a lattice, on the opposite side of the first air flow path plate with respect 
to the first oxygen electrode plate, and a second module retention plate in which a 
number of apertures are formed by a lattice, on the opposite side of the second air flow 
path plate with respect to the second oxygen electrode plate. The first module 
retention plate and the first air flow path plate are arrayed so that each of the apertures 

15 formed in the first module retention plate passes through the apertures formed in the 
first air flow path plate, whereas the second module retention plate and the second air 
flow path plate are arrayed so that each of the apertures fornied in the second module 
retention plate passes through the apertures formed in the second air flow path plate. 

By such configuration, air can be evenly supplied to the first air flow channel, 

20 formed between the first air flow path plate and the first oxygen electrode plate from 
the multiple apertures provided in the first module retention plate, while air also can be 
evenly supplied to the second air flow channel, formed between the second air flow 
path plate and the second oxygen electrode plate fi:-om the multiple apertures provided 
in the second module retention plate, so that the oxygen gas may be efficiently 

25 contacted with the oxygen electrode to improve the efficiency in generating the 
electrical energy. 

With the electrical energy generating device according to the present invention, 
the first module retention plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first module retention plate is 
30 within the inside of the multiple apertures formed in the first air flow path plate, and so 
that at least part of points of intersection of the lattice of the first air flow path plate is 
within the multiple apertures formed in the first module retention plate, whereas the 
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second module retention plate and the second air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the second module retention plate is 
within the inside of the multiple apertures formed in the second air flow path plate, and 
so that at least part of points of intersection of the lattice of the second air flow path 
plate is within the multiple apertures formed in the second module retention plate. 

By such configuration, the apertures of the first module retention plate, the 
points of intersection of the lattice of which are within the inside of the multiple 
apertures formed in the first air flow path plate, communicate with the four apertures 
formed in the first air flow path plate, the apertures of the first air flow path plate, the 
points of intersection of the lattice of which are within the inside of the multiple 
apertures formed in the first module retention plate, communicate with the four 
apertures formed in the first module retention plate, the apertures of the second module 
retention plate, the points of intersection of the lattice of which are within the inside of 
the multiple apertures formed in the second air flow path plate, communicate with the 
four apertures formed in the second air flow path plate, and the apertures of the second 
air flow path plate, the points of intersection of the lattice of which are within the 
inside of the multiple apertures formed in the second module retention plate, 
communicate with the four apertures formed in the second module retention plate. 
The result is that air can be evenly supplied from the multiple apertures provided in the 
first module retention plate to the first air channel formed between the first air flow 
path plate and the first oxygen electrode plate, while air can be evenly supplied fi*om 
the multiple apertures provided in the second module retention plate to the second air 
channel formed between the second air flow path plate and the second oxygen 
electrode plate, so that the oxygen can be efficiently contacted with the oxygen 
electrode to improve the efficiently in generating the electrical energy. 

It should be noted that at least part of the multiple apertures formed in the first 
module retention plate are formed to substantially a circular shape, whereas at least 
part of the multiple apertures formed in the second module retention plate are formed 
to substantially a circular shape. 

Additional features and advantages of the present invention are described in, 
and will be apparent firom, the following Detailed description of the Invention and the 
Figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 is a schematic plan view showing a hydrogen electrode plate of a first 

unit electrical energy generating device constituting an electrical energy generating 

device according to the present invention. 

Fig. 2 is a schematic plan view showing a hydrogen gas flow path plate of the 

first unit electrical energy generating device constituting an electrical energy 

generating device according to the present invention. 

Fig. 3 is a schematic bottom plan view of a layered product obtained on 

laminating the first hydrogen electrode plate on the hydrogen electrode plate. 

Fig. 4 is a schematic cross-sectional view taken along line IV to IV of Fig.3, 
Fig. 5 is a schematic plan view showing a first oxygen electrode plate of a first 

unit cell forming the electrical energy generating device according to the present 

invention. 

Fig. 6 is a schematic plan view showing the first air flow path plate of the first 
unit electrical energy generating device first constituting an electrical energy 
generating device according to the present invention. 

Fig. 7 is a bottom plan view of a layered product on laminating the first air 
flow path plate on the first oxygen electrode plate.. 

Fig. 8 is a plan view showing a module retention plate of the first unit electrical 
energy generating device constituting an electrical energy generating device according 
to the present invention. 

Fig. 9 is a schematic bottom plan view showing a layered product formed on 
tightly contacting the first module retention plate to the first air flow path plate. 

Fig. 10 is a schematic cross- sectional view taken along line X-X of Fig.9. 

Fig. 1 1 is a schematic cross-sectional view showing the state of communication 
between an aperture formed in the first hydrogen gas flow path plate of the first unit 
cell forming the electrical energy generating device according to the present invention 
and an aperture formed in the first hydrogen electrode plate and the state of 
communication between an aperture formed in the oxygen electrode plate, an aperture 
formed in the air flow path plate and an aperture formed in a first module retention 
plate according to the present invention. 
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Fig. 12 is a longitudinal cross-sectional view of the electrical energy generating 
device according to the present invention, showing the state of communication 
between respective constituent elements of the electrical energy generating device. 

Fig. 13 is a schematic longitudinal cross-sectional view of the electrical energy 
5 generating device according to the present invention. 

Fig. 14 is a schematic plan view of a water absorbing sheet. 

DETAILED DESCRIPTION OF THE INVENTION 
An electrical energy generating device according to the present invention 
includes a first hydrogen electrode plate 1 configured as shown in Fig.l. This first 
10 hydrogen electrode plate 1 is formed by a substantially square-shaped plate member 
formed of a stainless steel. The thickness of the plate member forming the hydrogen 
electrode plate 1 is set to 0.01 mm to 1.0 mm. 

Referring to Fig.l, the hydrogen electrode plate 1 is formed by a lattice 4 
having a regular array of 13 square-shaped apertures 2 and eight triangular apertures 3. 
15 The eight triangular apertures 3 are arranged on the periphery, whereas, of the 13 
square-shaped apertures 2, the central aperture 2 is formed in coincidence with the 
center point of the first hydrogen electrode plate 1. 

In Fig. 1 , A to H are pins for connection across the electrodes, and are formed 
each to a rectangular shape. 
20 A hydrogen gas flow path plate 6 of the first unit electrical energy generating 

device constituting the electrical energy generating device according to the present 
invention is formed by a substantially square-shaped plate member formed of 
polycarbonate, as shown in Fig. 2. In the present embodiment, the thickness of the 
plate member forming the hydrogen gas flow path plate 6 is set to 0.1 mm to 0.5 mm. 
25 However, the plate member having a thickness of 0.1 mm to 1.0 mm may be used for 
forming the hydrogen gas flow path plate 6. 

In one end of the hydrogen gas flow path plate 6 is formed a first cut-out 7 
forming a hydrogen gas supplying unit, whereas, in the opposite end thereof, a second 
cut-out 8 forming a hydrogen gas ejection unit is formed, as shown in Fig.2. In the 
30 hydrogen gas flow path plate 6, there are formed 12 square-shaped apertures 9 to the 
same size by a lattice 10. Of the 12 square-shaped apertures 9, the square-shaped 
aperture 9 communicating with the first cut-out 7 and three square-shaped apertures 9 
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neighboring thereto have respective top comer portions cut out to provide for 
communication of the respective apertures with one another, so that a sole aperture 14 
is formed by the four square-shaped apertures 9. 

Referring to Figs.l and 2, the square-shaped aperture 2 formed in the hydrogen 
5 electrode plate 1 and the square-shaped aperture 9 formed in the hydrogen gas flow 
path plate 6 are substantially of a same shape and size. The square-shaped aperture 2, 
formed centrally of the hydrogen electrode plate 1, has its center PI formed in 
coincidence with the center point of the hydrogen electrode plate 1, while no aperture 
is formed centrally of the hydrogen gas flow path plate 6, but the square-shaped 

10 apertures 9 are formed in the hydrogen gas flow path plate 6 so that a point of 
intersection 11 of the lattice 10 forming the four centrally located square-shaped 
apertures 9 is in coincidence with the center PI of the hydrogen gas flow path plate 6. 

Li the hydrogen gas flow path plate 6, four square-shaped apertures 12 of 
smaller size and eight rectangular apertures 13 are formed by the lattice 10, as shown 

15 in Fig.2. Of the eight rectangular apertures 13, the two rectangular apertures 13, 
neighboring to the first cut-out 7, communicate with each other, while the sides thereof 
neighboring to the first cut-out 7 are cut out to provide for communication with the 
first cut-out 7. On the other hand, the rectangular aperture 13 neighboring to the 
second cut-out 8 has its side neighboring to the second cut-out 8 cut out to provide for 

20 communication with the second cut-out 8. 

On the hydrogen gas flow path plate 6 is superposed the hydrogen electrode 
plate 1, as shown in the bottom plan view of Fig.3, to constitute a layered assembly. 
Fig.4 is a schematic cross-sectional view taken along line FV-IV of Fig.3. 

The hydrogen gas flow path plate 6 is superposed on and tightly contacted to 

25 the hydrogen electrode plate 1, so that, when the hydrogen electrode plate 1 is 
superposed on the hydrogen gas flow path plate 6, the points of intersection 15 of the 
lattice 4 forming the square-shaped apertures 2 and the triangular apertures 3 of the 
hydrogen electrode plate lare in coincidence with the center point of the square- 
shaped apertures 9 formed in the hydrogen gas flow path plate 6, and so that the points 

30 of intersection 16 of the lattice 10 forming the small-sized square-shaped apertures 12 
and the rectangular apertures 13 of the hydrogen gas flow path plate 6 are in 
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coincidence with the center point of the square-shaped aperture 2 formed in the 
hydrogen electrode plate 1, as shown in Fig.3. 

The result is that, as shown in Fig.3, the square-shaped apertures 2 formed in 
the hydrogen electrode plate 1, except the square-shaped aperture 2 at an upper end in 
5 Fig.l, communicate with the square-shaped apertures 9, small-sized square-shaped 
apertures 12 and with four of the rectangular apertures 13 formed in the hydrogen gas 
flow path plate 6. In Fig.l, only the square-shaped aperture 2 located at the upper end 
is in communication with the two neighboring square-shaped apertures 9 formed in the 
hydrogen gas flow path plate 6 and with two rectangular apertures 13 communicating 

10 with each other and with the first cut-out 7. 

Each of the triangular apertures 3 formed in the hydrogen electrode plate 1 
communicates with the square-shaped aperture 9 and with the rectangular apertures 13 
formed in the hydrogen gas flow path plate 6, as shown in Fig.3. 

The square-shaped apertures 9 formed in the hydrogen gas flow path plate 6 

15 communicate with the square-shaped apertures 2 and four of the triangular apertures 3 
formed in the hydrogen electrode plate 1 , while the small-size square-shaped apertures 
12 formed in the hydrogen gas flow path plate 6 communicate with one of the square- 
shaped apertures 2 formed in the hydrogen electrode plate 1. The rectangular 
apertures 13 formed in the hydrogen gas flow path plate 6, except the two rectangular 

20 apertures 13 communicating with each other and with the first cut-out 7, communicate 
with both the square-shaped apertures 2 and the triangular apertures 3 formed in the 
hydrogen electrode plate 1. The two rectangular apertures 13, formed in the hydrogen 
gas flow path plate 6 and which are in communication with each other and with the 
first cut-out 7, communicate with one square-shaped aperture 2 and with the two 

25 triangular apertures 3 formed in the hydrogen electrode plate 1 . 

The electrical energy generating device according to the present invention is 
made up of first and second unit cells, as are explained subsequently. The hydrogen 
gas flow path plate 6 is used as a component common to the first and second unit cells. 
These first and second unit cells are plane-symmetrical, that is of the identical layer 

30 structure, with respect to the hydrogen gas flow path plate. The first hydrogen 
electrode plate 1 is tightly contacted to one surface of the hydrogen gas flow path plate 
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6, while a second hydrogen electrode plate, not shown, is tightly contacted to the 
opposite side surface of the hydrogen gas flow path plate 6. 

Thus, the apertures 9, 12, 13 of the hydrogen gas flow path plate 6 are closed 
by the first hydrogen electrode plate 1 and by the second hydrogen gas flow path plate. 
5 A hydrogen gas supply unit 17 is formed by the second hydrogen electrode plate, 
hydrogen gas flow path plate 6 and by the first hydrogen electrode plate 1, while a 
hydrogen gas ejection unit 19 is formed by the second hydrogen electrode plate, 
hydrogen gas flow path plate 6, the first hydrogen electrode plate 1 and by the second 
cut-out 8 of the hydrogen gas flow path plate 6. 

10 The hydrogen gas supply unit 17 is connected to a hydrogen gas supply source, 

not shown, having a hydrogen occlusive material, such as a hydrogen occlusive 
carbonaceous material or a hydrogen occlusive alloy. 

The first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6 are 
tightly contacted to each other, as shown in Fig. 3, while the second hydrogen plate is 

15 tightly contacted to the side of the hydrogen gas flow path plate 6 opposite to its side 
carrying the first hydrogen electrode plate 1 . Thus, the hydrogen gas, supplied from 
the hydrogen gas supplying unit 17 into the inside of the electrical energy generating 
device, first flows through the rectangular apertures 13 formed in the hydrogen gas 
flow path plate 6 into the square-shaped aperture 2 and two triangular apertures 3, 

20 formed in the hydrogen electrode plate 1 , then flows from the square-shaped aperture 2 
formed in the hydrogen electrode plate 1 into two neighboring square-shaped apertures 
9 formed in the hydrogen gas flow path plate 6, and from the triangular apertures 3 
formed in the hydrogen electrode plate 1 into the square-shaped apertures 9 formed in 
the hydrogen gas flow path plate 6, as indicated by arrow x in Fig.4. 

25 The hydrogen gas supplied into the square-shaped aperture 9 formed in the 

hydrogen gas flow path plate 6 fiirther flows into the two neighboring square-shaped 
apertures 2 formed in the hydrogen electrode plate 1. The hydrogen gas supplied to 
the neighboring square-shaped apertures 2 formed in the hydrogen electrode plate 1 
flows into two neighboring square-shaped apertures 9 formed in the hydrogen gas flow 

30 path plate 6 and into the small-sized square-shaped apertures 12 formed in the 
hydrogen gas flow path plate 6 or into the two neighboring square-shaped apertures 9 
formed in the hydrogen gas flow path plate 6. 
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So, the hydrogen gas, suppHed from the hydrogen gas supplying unit 17 into 
the inside of the electrical energy generating device, flows through a space between 
the first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6, as it is 
spread two-dimensionally, until it is ejected through the hydrogen gas ejection unit 19 
5 to outside the electrical energy generating device. Thus, the hydrogen gas can be 
brought efficiently into contact with the hydrogen electrode plate 1 . 

A first oxygen electrode plate 21 of the first unit electrical energy generating 
device, forming the electrical energy generating device of the present invention, is 
formed in the same way as the hydrogen electrode plate 1, as shown in Fig.5, and is 
10 formed by a substantially square-shaped plate member of stainless steel. It is noted 
that the plate member forming the oxygen electrode plate 21 is set to a thickness of 
0.01 mm to 1.0 mm. 

In the oxygen electrode plate 21, there are formed 13 square-shaped apertures 
22 and eight triangular apertures 23 in a regular array by a lattice 24, as shown in 
15 Fig.5. The triangular apertures 23 are formed in the peripheral area, whereas, of the 13 
square-shaped apertures 22, arranged in a mid portion of the oxygen electrode plate 21, 
the central aperture 22 has its center in meeting with the center point of the first 
oxygen electrode plate 21 . 

In Fig.5, A to H are electrode interconnecting pins and are each in a rectangular 

20 shape. 

A first air flow path plate 26 of the first unit electrical energy generating 
device, forming the electrical energy generating device according to the present 
invention, is formed by a substantially square-shaped plate member of polycarbonate, 
and has cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, at two positions in each side of 
25 the plate member, as shown in Fig.6. The objective of forming the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d at the two positions in each side of the air flow path plate 
26 is to facilitate air intake from the peripheral portions of the air flow path plate 26. 
The plate member forming the air flow path plate 26 is set to a thickness of 0.01 m to 
0.5 mm. 

30 The air flow path plate 26 is formed with 16 square-shaped apertures 29, as 

shown in Fig.6. The square-shaped aperture 22 formed in the oxygen electrode plate 
21 and the square-shaped aperture 29 formed in the air flow path plate 26 are of the 
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same size, with the square-shaped aperture 22 formed in the mid portion of the oxygen 
electrode plate 21 having its center in coincidence with the center point of the first 
oxygen electrode plate 21. However, no aperture are provided in the center point of 
the air flow path plate 26, but the 16 square-shaped apertures 29 are formed in the air 
5 flow path plate 26 so that a point of intersection 3 1 of the square-shaped apertures of 
the lattice 30 forming the four square-shaped apertures 29 formed at the mid portion of 
the plate member are coincident with the center point of the first air flow path plate 26. 

On the oxygen electrode plate 21 is superposed the first air flow path plate 26, 
as shown in the bottom plan view of Fig.7, to form a layered assembly, as shown in 
10 Fig.7. 

Referring to Fig.7, the air flow path plate 26 is superposed on and tightly 
contacted to the oxygen electrode plate 21, so that the points of intersection 35 of the 
lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of the 
first oxygen electrode plate 21 are coincident with the center point of the square- 

15 shaped apertures 29 formed in the air flow path plate 26, and so that the points of 
intersection 36 of the lattice 30 forming the square-shaped apertures 20 formed in the 
first air flow path plate 26 are coincident with the center point of the square-shaped 
apertures 22 formed in the oxygen electrode plate 21. 

The result is that the square-shaped apertures 22 formed in the oxygen 

20 electrode plate 21, except the square-shaped apertures 22 at the upper and lower left 
and right ends, are in communication with the four reciprocally neighboring square- 
shaped apertures 29 formed in the air flow path plate 26, while the apertures' 29 
positioned at the upper end are in communication with the two neighboring square- 
shaped apertures 29 and the cut-outs 27a, 28a formed in the air flow path plate 26. 

25 The apertures 29 positioned at the right end communicate with the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27b, 28b formed in the air 
flow path plate 26. The apertures 29 positioned at the lower end communicate with 
the two mutually neighboring square-shaped apertures 29 and with the cut-outs 27c, 
28c, formed in the air flow path plate 26, while the apertures 29 positioned at the left 

30 end communicate with the two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27d, 28d formed in the first air flow path plate 26. 
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Moreover, the triangular apertures 23 formed in the oxygen electrode plate 21 
are in communication with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the air flow path 
plate 26. 

5 Of the square-shaped apertures 29, formed in the air flow path plate 26, the 

four apertures 29 formed at the mid portions of the air flow path plate 26 commvinicate 
with four mutually neighboring square-shaped apertures 22 fomied in the oxygen 
electrode plate 21. The four square-shaped apertures 29 at the four comers in Fig.6 are 
in communication with the one square-shaped aperture 22 and with two triangular 

10 apertures 23, formed in the oxygen electrode plate 21, with the remaining square- 
shaped apertures 29 formed in the first air flow path plate 26 being in communication 
with the three neighboring square-shaped apertures 22 and with the two triangular 
apertures 23 formed in the first oxygen electrode plate 2 1 . 

On the other hand, the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, formed 

15 in the air flow path plate 26, are each in communication with the one square-shaped 
aperture 22 and with one triangular aperture 23 formed in the oxygen electrode plate 
21. 

A first module retention plate 40 of the first unit cell forming the electrical 
energy generating device of the present invention is rectangular in profile, as shown in 

20 Fig,8, and is formed with 21 circular apertures 41 in a regular array. Each circular 
aperture 41 has a small-diameter portion 41a and a tapered portion 41b, having its 
inner wall section tapered so that its diameter is increased progressively. The first 
module retention plate 40 is mounted on the air flow path plate 26 in tight contact 
therewith so that the tapered portion 41b are positioned towards the air flow path plate 

25 26. 

The first module retention plate 40 is superposed on and tightly contacted to 
the first air flow path plate 26 to form a layered assembly, as shown in the bottom plan 
view of Fig.9. Fig. 10 shows a cross-sectional view taken along line X-X in Fig.9. 

Referring to Figs.9 and 10, the first module retention plate 40 is tightly 
30 contacted to the first air flow path plate 26 so that the center points of the circular 
apertures 41 formed in the first module retention plate 40 are coincident with the 
points of intersection 36 of the lattice 30 forming the square-shaped apertures 29 of the 
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first air flow path plate 26 and so that the points of intersection 43 of a lattice 42 
forming the circular apertures 41 of the module retention plate 40 are coincident with 
the center points of the square-shaped apertures 29 formed in the first air flow path 
plate 26. 

The result is that, as shown in Fig.9, of the circular apertures 41 formed in the 
module retention plate 40, the nine centrally located apertures 41 communicate with 
the reciprocally neighboring four square-shaped apertures 29 formed in the first air 
flow path plate 261 

Referring now to Fig. 10, the circular aperture 41 located at the upper mid 
portion communicates with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, formed in the first air flow path plate 26, while the circular 
aperture 41 located at the right mid portion communicates with the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27d, 28d, formed in the first 
air flow path plate 26, with the circular aperture 41 located at the lower mid portion 
communicating with the two mutually neighboring square-shaped apertures 29 and the 
cut-outs 27c, 28c, formed in the air flow path plate 26, and with the circular aperture 
41 located at the left mid portion communicating with the two mutually neighboring 
square-shaped apertures 29 and the cut-outs 27b, 28b, formed in the first air flow path 
plate 26. 

Referring to Fig.9, the remaining circular apertures 41, formed in the first 
module retention plate 40, communicate with the two mutually neighboring square- 
shaped apertures 29 and with the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d 
formed in the first air flow path plate 26. 

Fig. 11 shows a schematic cross-sectional view showing the state of 
communication between the apertures 9, 12 and 13, formed in the hydrogen gas flow 
path plate 6, and the apertures 2, 3, formed in the hydrogen electrode plate 1, in the 
electrical energy generating device according to the present invention, and the state of 
communication between the apertures 22, 23 formed in the oxygen electrode plate 21, 
the apertures 29 formed in the air flow path plate 26 and the apertures 41 formed in the 
module retention plate 40. 

Referring to Fig. 11, the unit electrical energy generating device forming the 
electrical energy generating device according to the present invention includes a 
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hydrogen gas flow path plate 6, a hydrogen electrode plate 1, a proton conductor film 
45 through which protons yielded on dissociation of hydrogen supplied to the 
hydrogen electrode plate 1 can be permeated, under the action of a catalyst contained 
in the hydrogen electrode plate 1, an oxygen electrode plate 21, a first air flow path 
plate 26 and a first module retention plate 40, layered in this order. 

Specifically, the first hydrogen electrode plate 1 is tightly contacted with and 
secured to the hydrogen gas flow path plate 6. 

The first proton conductor film 45 then is layered on and tightly contacted to 
the first hydrogen electrode plate 1, while the first oxygen electrode plate 21 is layered 
on and tightly contacted to the first proton conductor film 45, 

The first air flow path plate 26 is also tightly contacted and layered onto the 
first oxygen electrode plate 21, while the first module retention plate 40 is tightly 
contacted and layered onto the first air flow path plate 26. 

The peripheral portions of the first proton conductor film 45 are sealed with a 
sealing member 46, as shown in Fig. 1 1 . 

With the electrical energy generating device of the present invention, 
constructed as described above, the hydrogen gas, supplied from the hydrogen gas 
supplying unit 17 into the inside of the electrical energy generating device, flows 
through a space between the first hydrogen electrode plate 1 and the hydrogen gas 
flow path plate 6, as it is spread two -dimensional ly, and as it repeatedly contacts the 
hydrogen electrode plate 1, as described above, until it is ejected through the hydrogen 
gas ejection unit 19 to outside the first unit cell. 

The hydrogen supplied to the hydrogen electrode plate 1 is dissociated into 
protons and electrons, by the action of the catalyst contained in the first hydrogen 
electrode plate 1, with the electrons being absorbed by the first hydrogen electrode 
plate 1 and with the protons being sent through the first proton conductor film 45 to 
the first oxygen electrode plate 26. The electrons absorbed by the hydrogen electrode 
plate 1 are sent through a load, not shown, to the first oxygen electrode plate 26. 

There is supplied air into the inside of the first unit cell, through each of the 
circular apertures 41 formed in the module retention plate 40, as indicated by arrow Y 
in Fig.ll. 
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The air supplied to the nine apertures 41, formed in a mid portion of the 
module retention plate 40, flows into four reciprocally neighboring square-shaped 
apertures 29 formed in the first air flow path plate 26. 

In Fig. 10, the air supplied to the circular aperture 41 formed at an upper mid 
portion flows into two mutually neighboring square-shaped apertures 29 and the cut- 
outs 27a, 28a formed in the first air flow path plate 26, while the air supplied to the 
circular aperture 41 formed at the mid left end portion flows into two mutually 
neighboring square-shaped apertures 29 and into the cut-outs 27b, 28b formed in the 
first air flow path plate 26. 

Also, in Fig. 10, the air supplied to the circular aperture 41 formed at a lower 
mid portion flows into two mutually neighboring square-shaped apertures 29 and the 
cut-outs 27c, 28c, formed in the first air flow path plate 26, while the air supplied to 
the circular aperture 41 formed at a mid right end portion flows into two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27d, 28d formed in the air 
first flow path plate 26. 

The air supplied to the remaining circular apertures 41 formed in the module 
retention plate 40 flows into two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path 
plate formed in the first air flow path plate 26. 

That is, of the air flowing into the square-shaped apertures 29 formed in the 
first air flow path plate 26, the air flowing into the four apertures 29 in the mid portion 
flows into four reciprocally neighboring apertures 22 formed in the first oxygen 
electrode plate 21, while the air flowing into the four mutually neighboring square- 
shaped aperture 29 at the four comers in Fig. 6 flows into one square-shaped aperture 
22 and into two triangular apertures 23 formed in the first oxygen electrode plate 21. 

On the other hand, the air flowing into the remaining square-shaped apertures 
29 formed in the first air flow path plate 26 flows into reciprocally neighboring three 
square-shaped apertures 22 and into two triangular apertures 23 formed in the first 
oxygen electrode plate 21. 

The air flowing into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed 
in the first air flow path plate 26 flows into one square-shaped aperture 22 and into one 
triangular aperture 23 formed in the first oxygen electrode plate 21 . 
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The air also flows from the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d 
formed in two positions in each side of the first air flow path plate 26 into the square- 
shaped apertures 22 and into the triangular apertures 23 formed in the first oxygen 
electrode plate 2 1 . 

In this manner, the air is supplied through the apertures 41 formed in the first 
module retention plate 40 into the aperture 29 and into the cut-outs 27a, 28a, 27b, 28b, 
27c, 28c, 27d, 28d, formed in the first air flow path plate 26, while being supplied 
from the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, formed in two positions in 
each side of the first air flow path plate 26, into the square-shaped apertures 22 and 
into the triangular apertures 23 formed in the first oxygen electrode plate 21. 

The result is that oxygen contained in the air is absorbed in the first hydrogen 
electrode plate 1 and is combined with electrons routed to the first oxygen electrode 
plate 21 through a load, not shown, and with protons routed to the first oxygen 
electrode plate 26 through the proton conductor film 45, thus yielding water. 

So, the electromotive force is produced across the hydrogen electrode plate 1 
and the first oxygen electrode plate 26 to cause current to flow in the load. 

Fig. 12 shows a modification of the electrical energy generating device 
according to the present invention. Fig. 12 is a cross-sectional view showing a 
modification of the present invention and shows the state of communication between 
the respective components making up the electrical energy generating device. 

Referring to Fig. 12, the electrical energy generating device of the present 
embodiment includes a first unit cell 51 and a second unit cell 52, layered together. 

Referring to Fig. 12, the first unit cell 51 includes a hydrogen gas flow path 
plate 6, a first hydrogen electrode plate 1, a first proton conductor film 45, an first 
oxygen electrode plate 21, a first air flow path plate 26 and a first module retention 
plate 40, layered in this order from below, while the second unit cell 52 includes a 
hydrogen gas flow path plate 6, a second hydrogen electrode plate 60, a second proton 
conductor film 61, a second oxygen electrode plate 62, a second air flow path plate 63 
and a second module retention unit 64, layered in this order from above. In Fig. 12, 65 
denotes a sealing member. 

In the present electrical energy generating device, the second hydrogen 
electrode plate 60, second proton conductor film 61, second oxygen electrode plate 62, 
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second air flow path plate 63 and the second module retention unit 64, forming the 
second unit cell 52, are formed in the same way as the first hydrogen electrode plate 1, 
first proton conductor film 45, first oxygen electrode plate 21, first air flow path plate 
26 and the first module retention plate 40 making up the first unit cell 5 1 . The second 
hydrogen electrode plate 60, second proton conductor film 61, second oxygen 
electrode plate 62, second air flow path plate 63 and the second module retention unit 
64 are layered together so that the relative disposition of the second hydrogen 
electrode plate 51 and the hydrogen gas flow path plate 6, the relative disposition of 
the first oxygen electrode plate 53 and the second air flow path plate 54 and the 
relative disposition of the second air flow path plate 54 and the second module 
retention plate 55 are the same as the relative disposition of the first hydrogen 
electrode plate 1 and the hydrogen gas flow path plate 6, the relative disposition of the 
first oxygen electrode plate 21 and the first air flow path plate 26 and the relative 
disposition of the first air flow path plate 26 and the first module retention plate 40, in 
the first unit cell 5 1 , respectively. 

In the present embodiment of the electrical energy generating device, the first 
and second unit cells 51, 52 can be coupled to each other in an optional fashion to 
form an electrical energy generating device by selectively severing or leaving intact 
the pins A to H for electrode interconnection formed in the first and second oxygen 
electrode plates 21, 62 and in the hydrogen electrode plates 1, 60. 

If the pins A to H for electrode interconnection, formed in the first and second 
oxygen electrode plates 21, 62 and in the hydrogen electrode plates 1, 60 are to be 
selectively severed or left intact, as shown in the following Table 1, 
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Table 1 



electrodes 


A 


B 


C 


D 


E 


F 


G 


H 


21 










0 








1 


0 




0 


0 










60 






0 


0 


0 








62 




0 















the first and second unit cells 5 1 , 52 are connected in series with each other. 

In Table 1, [0] denotes that the relevant pin for electrode interconnection is left 
5 intact without cutting. 

That is, in the first oxygen electrode plate 21 forming the first unit cell 51, the 
pin for electrode interconnection E only is left, with the pins for electrode 
interconnection A, B, C, D, F, G and H being severed, whereas, in the second oxygen 
electrode plate 60 forming the second unit cell 52, the pins C, D and E for electrode 
10 interconnection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E formed in the first oxygen 
electrode plate 21 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode intercomiection E formed in the second hydrogen electrode plate 60 forming 
the second unit cell 52 is bent upwards and coupled to the pin for electrode 
1 5 interconnection E formed in the second hydrogen electrode plate 60. 

As a result, the first and second unit cells 51, 52 are connected in series with 
each other. 

On the other hand, in the first hydrogen electrode plate 1 forming the first unit 
cell 51, the pins for electrode interconnection A, C and D are left, with the pins for 

20 electrode interconnection B, E, F, G and H being severed, whereas, in the second 
oxygen electrode plate 62 forming the second unit cell 52, only the pin for electrode 
interconnection B is left, with the pins for electrode interconnection A, C, D, E, F, G 
and H being severed. The pin for electrode interconnection A, formed in the first 
hydrogen electrode plate 1, forming the first unit cell 51, and the pin for electrode 

25 interconnection B, formed in the second oxygen electrode plate 62, forming the second 
unit cell 52, are separately coupled to outputs. 
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If the pins for electrode interconnection A to H fonned in the first oxygen 
electrode plate 21 or 62, first hydrogen electrode plate 1 and in the second hydrogen 
electrode plate 60 are selectively severed or left intact, as shown in Table 2, 

Table 2 



electrodes 


A 


B 


c 


D 


E 


F 


G 


H 


21 












0 






1 


0 




0 


0 


0 








60 






0 


0 


0 






a — 


62 




0 








0 







5. 

the first and second unit cells 51,52 are connected in parallel with each other. 
That is, in the first oxygen electrode plate 21, forming the first unit cell51, the 
pin for electrode interconnection F is left, with the pins for electrode interconnection 
A, B, C, D, E, G and H being severed, whereas, in the second oxygen electrode plate 

10 62 forming the second unit cell 52, the pins B and F for electrode interconnection are 
left, with the pins for electrode interconnection A, C, D, E, G and H being severed. 
The pin for electrode interconnection F formed in the first oxygen electrode plate 21 
forming the first unit cell 51 is bent downwards, whereas the pin for electrode 
interconnection F formed in the second oxygen electrode plate 62 forming the second 

15 unit cell 52 is bent upwards and coupled to the pin for electrode interconnection F 
formed in the first oxygen electrode plate. 

Also, in the first hydrogen electrode plate 1, forming the first unit cell 51, the 
pins for electrode interconnection A, C, D and E are left, with the pins for electrode 
interconnection B, F, G and H being severed, whereas, in the second hydrogen 

20 electrode plate 60 forming the second unit cell 52, the pins C, D and E for electrode 
intercoimection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E formed in the first hydrogen 
electrode plate 1 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode interconnection E formed in the second hydrogen electrode plate 60 forming 

25 the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection E formed in the first hydrogen electrode plate. 
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The result is that the first and second unit cells 51, 52 are connected in parallel 
with each other. 

The pin for electrode interconnection A formed in the first hydrogen electrode 
plate 1 forming the first unit cell 5 1 and the pin for electrode interconnection B formed 
5 in the second oxygen electrode plate 62 forming the second unit cell52 are separately 
coupled to outputs. 

In the first unit cell 51, forming the present embodiment of the electrical 
energy generating device, the hydrogen gas flow path plate 6 is stacked on the first 
hydrogen electrode plate 1 so that the points of intersection 15 of the lattice 4 forming 

10 the square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 
plate 1 are in coincidence with the center points of the square-shaped apertures 9 
formed in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the lattice 10 forming the small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas flow path plate 6 are in coincidence with 

15 the center points of the square-shaped aperture 2 formed in the hydrogen electrode 
plate 1, The result is that the square-shaped apertures 9 formed in the hydrogen gas 
flow path plate 6 communicate with the square-shaped apertures 2 and four of the 
triangular apertures 3, formed in the first hydrogen electrode plate 1, and each of the 
small-sized square-shaped apertures 12 communicates with one of the square-shaped 

20 apertures 2 formed in the hydrogen gas flow path plate 6, while the rectangular 
apertures 13 formed in the hydrogen gas flow path plate 6 communicate with one 
another and, excepting the two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, communicate with both the square-shaped aperture 2 
and two triangular apertures 3 formed in the first hydrogen electrode plate 1 . The two 

25 rectangular apertures 13, formed in the hydrogen gas flow path plate 6 and which are 
in communication with each other and with the first cut-out 7, communicate with the 
one square-shaped aperture 2 and two of the triangular apertures 3. 

Thus, with the first unit cell 51, forming the electrical energy generating device 
according to the present invention, the hydrogen gas, supplied from the hydrogen gas 

30 supply unit 17 to each of the square-shaped apertures 9 formed in the hydrogen gas 
flow path plate 6, flows into four of the triangular apertures 3 and the square-shaped 
aperture 2 formed in the first hydrogen electrode plate 1, while the hydrogen gas 
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supplied to each of the small-sized square-shaped aperture 12 formed in the hydrogen 
gas flow path plate 6 flows into one of the square-shaped apertures 2 formed in the 
first hydrogen electrode plate 1. The hydrogen gas supplied to the rectangular 
apertures 13, formed in the hydrogen gas flow path plate 6, flows into the square- 
5 shaped aperture 2 and the triangular apertures 13, formed in the first hydrogen 
electrode plate 1, excepting the two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, while the hydrogen gas, supplied to the two 
rectangular apertures 13 formed in the hydrogen gas flow path plate 6 and 
communicating with each other and with the first cut-out 7, flows into the sole square- 
10 shaped aperture 2 and into the two triangular apertures 3 formed in the first hydrogen 
electrode plate 1 . 

Moreover, in the first unit cell 5 1 according to the present invention, in which 
the first hydrogen electrode plate and the hydrogen gas flow path plate 6 are stacked 
one on another as described above, the square-shaped apertures 2 formed in the first 

15 hydrogen electrode plate 1, except the square-shaped aperture 2 disposed at an upper 
end in Fig.l, communicate with the square-shaped aperture 9 formed in the hydrogen 
gas flow path plate 6, with the small-sized square-shaped aperture 12 and with four of 
the rectangular apertures 13. The square-shaped aperture 2 disposed at the upper end 
in Fig.l communicates with two mutually neighboring square-shaped aperture 9 and 

20 with two rectangular apertures 13 communicating with each other and with the first 
cut-out 7, formed in the hydrogen gas flow path plate 6, while the triangular apertures 
3 formed in the first hydrogen electrode plate 1 communicate with the square-shaped 
apertures 9 and with the rectangular apertures 13, formed in the hydrogen gas flow 
path plate 6, as shown in Fig.3. 

25 The result is that, in the first unit cell 51 of the present invention, the hydrogen 

gas, flowing into the square-shaped apertures 2 formed in the first hydrogen electrode 
plate 1, excluding the square-shaped aperture 2 disposed at the upper end, flows into 
the mutually neighboring square-shaped apertures 9, formed in the hydrogen gas flow 
path plate 6, small-sized square-shaped apertures 12 and into four of the rectangular 

30 apertures 13 in the hydrogen gas flow path plate 6 mutually neighboring to each other. 
The hydrogen gas, flowing into the square-shaped apertures 2 formed in the upper end 
in Fig.l, flows into two mutually neighboring square-shaped apertures 9 and into the 
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two rectangular apertures 13 in the hydrogen gas flow path plate 6 communicating 
with each other and with the first cut-out 7. On the other hand, the hydrogen gas, 
flowing into the triangular apertures 3 formed in the hydrogen gas flow path plate 6, 
flows into the square-shaped apertures 9 and two rectangular apertures 13 formed in 
5 the hydrogen gas flow path plate 6. 

Thus, with the first unit cell 51, constructed as described above, the hydrogen 
gas, supplied fi-om the hydrogen gas supplying unit 17 into the inside of the electrical 
energy generating device, flows through a space between the first hydrogen electrode 
plate 1 and the hydrogen gas flow path plate 6, as it is spread two-dimensionally, and 
10 as it repeatedly contacts the hydrogen electrode plate 1, until it is ejected through the 
hydrogen gas ejection unit 19 to outside the first unit cell, as described above. Thus, 
the hydrogen gas is able to contact the first hydrogen electrode plate 1 efficiently thus 
improving the efficiency in generating the electrical energy of the electrical energy 
generating device. 

15 With the above-described first unit cell 51, it is only sufficient if the hydrogen 

gas flow path plate 6, carrying the first cut-out 7 forming the hydrogen gas supplying 
unit, the second cut-out 8 forming the hydrogen gas ejection unit, 12 square-shaped 
apertures 9 of the same size as the square-shaped apertures 2 formed in the hydrogen 
electrode plate 1, four small-sized square-shaped apertures 12 and eight rectangular 

20 apertures 13, and the first hydrogen electrode plate 1, carrying 13 square-shaped 
apertures 2 and eight triangular apertures 3, formed by lattices in a regular array, are 
stacked together so that the points of intersection 15 of the lattice 4 forming the 
square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 
plate 1 are in coincidence with the center points of the square-shaped apertures 9 

25 formed in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the lattice 10 forming the small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas flow path plate 6 are in coincidence with 
the center points of the square-shaped aperture 2 formed in the hydrogen electrode 
plate 1 . , Thus, assembling operations may be facilitated, while the hydrogen gas may 

30 be routed by a simplified structure into contact with the first hydrogen electrode plate 
1 to provide an electrical energy generating device capable of improving the efficiency 
in generating the electrical energy. 
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Moreover, in the first unit cell 5 1 according to the present invention, the first 
module retention plate 40 is tightly contacted to the first air flow path plate 26 so that 
the center point of each circular aperture 41 formed in the first module retention plate 

40 coincides with a point of intersection 36 of the lattice 30 forming the square-shaped 
apertures 29 of the first air flow path plate 26, as a result of which the nine apertures 

41 at a mid portion of the module retention plate 40, among the square-shaped 
apertures 41 formed in the module retention plate 40, communicate with the four 
mutually neighboring square-shaped apertures 29, formed in the first air flow path 
plate 26, the circular aperture 41 disposed at an upper mid portion in Figs. 8 and 10 
communicates with the two mutually neighboring square-shaped apertures 29 and with 
the cut-outs 27a and 28a formed in the first air flow path plate 26, the circular aperture 
41 at the mid right end communicates with the two mutually neighboring square- 
shaped apertures 29 and cut-outs 27b, 28b, formed in the first air flow path plate 26, 
the circular aperture 41, formed at a lower mid end, communicates with the two 
mutually neighboring square-shaped apertures 29 and cut-outs 27c, 28c formed in the 
first air flow path plate 26, and the circular aperture 41 at the mid left end 
communicates with two mutually neighboring square-shaped apertures 29 and cut-outs 
27d, 28d formed in the first air flow path plate 26, as shown in Fig. 10. Moreover, the 
other circular apertures 41, formed in the first module retention plate 40, communicate 
with two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a, 27b, 
28b, 27c, 28c, 27d or 28d, formed in the first air flow path plate 26, as similarly shown 
in Fig, 10. 

Thus, with the present first unit cell 51, the air supplied to the nine apertures 41 
at a mid portion of the first module retention plate 40 flows into the four mutually 
neighboring square-shaped apertures 29 formed in the first air flow path plate 26, the 
air supplied to the circular aperture 41 at the upper mid end in Figs. 8 and 10 flows into 
two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a formed in 
the first air flow path plate 26, the air supplied to the circular aperture 41 at a right mid 
portion flows into the two mutually neighboring square-shaped apertures 29 and cut- 
outs 27b, 28b formed in the first air flow path plate 26, the air supplied to the circular 
aperture 41 at the lower mid end in Figs. 8 and 10 flows into two reciprocally 
neighboring square-shaped apertures 29 and cut-outs 27c, 28c formed in the first air 



33 



flow path plate 26, and the air supphed to the circular aperture 41 at a left mid portion 
flows into the two mutually neighboring square-shaped apertures 29 and cut-outs 27d, 
28d formed in the first air flow path plate 26. The air supplied to the other circular 
apertures 41 formed in the first module retention plate 40 flow into the two mutually 
5 neighboring square-shaped apertures 29 and into the cut-outs 27a, 28a, 27b, 28b, 27c, 
28c, 27d or 28d, formed in the first air flow path plate 26. 

Li the first imit cell 51, according to the present invention, the first oxygen 
electrode plate 21 and the first air flow path plate 26 are stacked one on another so that 
points of intersection 35 of a lattice 24 forming the square-shaped apertures 22 and the 

10 triangular apertures 23 of the first oxygen electrode plate 21 are in coincidence with 
the center points of the square-shaped apertures 29 formed in the hydrogen gas flow 
path plate 26, and so that the points of intersection 36 of ths lattice 30 forming the 
square-shaped apertures 29 formed in the hydrogen gas flow path plate 26 are in 
coincidence with the center points of the square-shaped apertures 22 in the first oxygen 

15 electrode plate 21. The result is that the square-shaped apertures 22 formed in the first 
oxygen electrode plate 21, except the apertures 29 at upper and lower left and right 
ends in Fig. 5, communicate with the four reciprocally neighboring square- shaped 
apertures 29, formed in the first air flow path plate 26, and the apertures 29 at the 
upper end communicate with the two mutually neighboring square-shaped apertures 29 

20 and cut-outs 27a, 28a, formed in the first air flow path plate 26, while the apertures 29 
at the right end communicate with the two mutually neighboring square-shaped 
apertures 29 and cut-outs 27b, 28b, formed in the first air flow path plate 26, and the 
apertures 29 at the lower end communicate with the two mutually neighboring square- 
shaped apertures 29 and cut-outs 27c, 28c, formed in the first air flow path plate 26. 

25 Moreover, the apertures 29 at the left end communicate with the two mutually 
neighboring square-shaped apertures 29 and cut-outs 27d, 28d, formed in the first air 
flow path plate 26, while triangular apertures 23, formed in the first oxygen electrode 
plate 21, communicate with two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, formed in the first air flow path 

30 plate 26. Of the square-shaped apertures 29, formed in the first air flow path plate 26, 
the four centrally disposed square-shaped apertures 29 communicate with the four 
reciprocally neighboring square-shaped apertures 22 formed in the first oxygen 
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electrode plate 21. The four square-shaped apertures 29, disposed at the four comers 
in Fig.6, each communicate with one square-shaped aperture 22 and with two 
triangular apertures 23 formed in the first oxygen electrode plate 2L The remaining 
square-shaped apertures 29 formed in the first air flow path plate 26 each communicate 
with three reciprocally neighboring square-shaped aperture 22 and two triangular 
apertures 23 formed in the first oxygen electrode plate 21. On the other hand, the cut- 
outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, formed in the first air flow path plate 26, 
each communicate with one square-shaped aperture 22 and one triangular aperture 23 
formed in the first oxygen electrode plate 21. 

The result is that the air supplied to the nine centrally arranged apertures 41 
formed in the first module retention plate 40 flows into the four reciprocally 
neighboring square-shaped apertures 29 formed in the first air flow path plate 26, 
whereas the air supplied to the circular aperture 41 arranged at an upper mid portion in 
Figs.8 and 10 flows into the two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a formed in the first air flow path plate 26, while the air supplied to 
the circular aperture 41 arranged at the right mid portion flows into the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27b, 28b formed in the first 
air flow path plate 26. Also, the air supplied to the circular aperture 41 arranged at the 
lower mid portion in Figs.8 and 10 flows into the two mutually neighboring square- 
shaped apertures 29 and the cut-outs 27c, 28c formed in the first air flow path plate 26, 
while the air supplied to the circular aperture 41 arranged at the lefl: mid portion flows 
into the two mutually neighboring square-shaped apertures 29 and the cut-outs 27d, 
28d formed in the first air flow path plate 26. The air supplied into the other circular 
apertures 41 formed in the first module retention plate 40 flow into the two mutually 
neighboring square-shaped apertures 22 and the 27a, 28a, 27b, 28b, 27c, 28c, 27d or 
28d, formed in the first air flow path plate 26. Of the air flowing into the square- 
shaped apertures 29 formed in the first air flow path plate 26, the air flowing into the 
four apertures 29 in the mid portion flows into four reciprocally neighboring apertures 
22 formed in the first oxygen electrode plate 21, while the air flowing into the four 
mutually neighboring square-shaped aperture 29 at the four comers in Fig.6 flows into 
one square-shaped aperture 22 and into two triangular apertures 23 formed in the first 
oxygen electrode plate 21. On the other hand, the air flowing into the remaining 
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square-shaped apertures 29 formed in the first air flow path plate 26 flows into 
reciprocally neighboring three square-shaped apertures 22 and into two triangular 
apertures 23 formed in the first oxygen electrode plate 21. The air flowing into the 
cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path plate 
5 26 flows into one square-shaped aperture 22 and one triangular aperture 23 formed in 
the first oxygen electrode plate 21. 

Thus, with the first unit cell 51 according to the present invention, the air is 
supplied through the apertures 41 formed in the first module retention plate 40 to the 
apertures 29 and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first 

10 air flow path plate 26, and then to the square-shaped apertures 22 and the triangular 
apertures 23 formed in the first oxygen electrode plate 21. The result is that 
assembling operations may be facilitated, while oxygen may be contacted efficiently 
with the first oxygen electrode plate 21 to produce an electrical energy generating 
device capable of improving the efficiency in generating the electrical energy. 

15 With the first unit cell 51, according to the present invention, it is only 

sufficient to stack the first air flow path plate 26, including a lattice 24 of 13 square- 
shaped apertures 22 and eight triangular apertures 23 in a regular array, the first air 
flow path plate 26 carrying 16 square-shaped apertures 29 of the same size as the 
apertures 22 formed in the first air flow path plate 26 and the cut-outs 27a, 28a, 27b, 

20 28b, 27c, 28c, 27d, 28d, and the first module retention plate 40 comprised of a regular 
array of 21 circular apertures 41, in this order. The result is that assembling operations 
may be facilitated, while air may be fiimished by a simplified structure into contact 
with the first air flow path plate 26 to produce an electrical energy generating device 
capable of improving the efficiency in generating the electrical energy. 

25 Moreover, in the first unit cell 51 of the present invention, the first hydrogen 

electrode plate 1 and the hydrogen gas flow path plate 6 are stacked and contacted 
together so that the points of intersection 15 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are in 
coincidence with the center points of the square-shaped apertures 9 formed in the 

30 hydrogen gas flow path plate 6 and so that the points of intersection 16 of the lattice 10 
forming the small-sized square-shaped apertures 12 and the rectangular apertures 13 of 
the hydrogen gas flow path plate 6 are in coincidence with the center points of the 
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square-shaped aperture 2 formed in the first hydrogen electrode plate 1, as shown in 
Fig3. 

Moreover, in the first unit cell 51, the first air flow path plate 26 is tightly 
stacked on the first oxygen electrode plate 21 so that the points of intersection 35 of 
5 the lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of 
the first oxygen electrode plate 21 are coincident with the center points of the square- 
shaped apertures 22 formed in the first oxygen electrode plate 21 and so that the points 
of intersection 36 of the lattice 30 forming the square-shaped apertures 29 of the first 
oxygen electrode plate 21 are coincident with the center points of the square-shaped 

10 apertures 22 formed in the first oxygen electrode plate 21, as shown in Fig.7. In 
addition, the first module retention plate 40 is tightly contacted to the first air flow 
path plate 26 so that the center points of the respective circular apertures 41 formed in 
the first module retention plate 40 are in coincidence with the points of intersection 36 
of the lattice 30 forming the square-shaped apertures 29 of the first hydrogen gas flow 

15 path plate 26 and so that the points of intersection 43 of the lattice 42 forming the 
circular apertures 41 of the first module retention plate 40 are in coincidence with the 
center points of the square-shaped apertures 29 formed in the first air flow path plate 
26, as shown in Fig. 10. 

Thus, with the first unit cell 51 according to the present invention, the force 

20 applied to the first module retention plate 40 in a distributed fashion to the first air 
flow path plate 26 and thence transmitted in a distributed fashion to the first oxygen 
electrode plate 21. The force transmitted to the first oxygen electrode plate 21 is 
transmitted through the seal 46 to the first hydrogen electrode plate 1, but is 
transmitted, again in a distributed fashion, to the hydrogen gas flow path plate 6. 

25 Since the force applied to the first module retention plate 40 is transmitted is 
distributed to enable the uniform force to be applied reliably to the electrical energy 
generating device in its entirety, the first proton conductor film 45 evenly contacts the 
first hydrogen electrode plate 1 and the first oxygen electrode plate 21 to improve the 
efficiency in generating the electrical energy. 

30 With the above-described electrical energy generating device according to the 

present invention, the hydrogen gas flow path is formed by the first hydrogen electrode 
plate 1, hydrogen gas flow path plate 6 and by the second hydrogen electrode plate 60, 



37 



such that the hydrogen gas is suppHed from the hydrogen gas supply unit 17 into the 
hydrogen gas flow channel formed by the first hydrogen electrode plate 1, hydrogen 
gas flow path plate 6 and by the second hydrogen electrode plate 60 to flow through 
the hydrogen gas flow channel as it is spread two-dimensionally, and as it repeatedly 
5 contacts the first and second hydrogen electrode plates 1 , 60, as described above, until 
it is ejected through the hydrogen gas ejection unit 19 to outside the first unit cell. 

The air supplied through the second module retention plate 64 is supplied to the 
second module retention plate 62, through the first module retention plate 40, as it is 
spread two-dimensionally through the second oxygen electrode plate 63, 

10 ^ Fig. 13 shows a fiirther embodiment of the electrical energy generating device 

according to the present invention. In the electrical energy generating device, shown 
in Fig. 13, the seal members 46, 65 are omitted fi-om the drawing. 

Referring to Fig. 13, the electrical energy generating device is a layered 
assembly including of a first unit cell 51 and a second unit cell 52. The surface of the 

15 layered assembly, formed of the first unit cell 51 and the second unit cell 52, is 
covered with a water-absorbent sheet 70. Fig. 14 shows an embodiment of this water- 
absorbent sheet 70. Referring to Fig. 14, the water- absorbent sheet 70 has numerous 
apertures 71 through which air may be supplied to the first oxygen electrode plate 21 
and to the second oxygen electrode plate 62. The water-absorbent sheet 70 is formed 

20 of a water-absorbent resin, such as a cross-linked neutralized product of polyacrylic 
acid. With the water-absorbent sheet, oxygen, protons and electrons are linked 
together to absorb water generated in the first oxygen electrode plate 21 and the 
second oxygen electrode plate 62, for removing the water from the surface of the first 
oxygen electrode plate 21 and the second oxygen electrode plate 62. 

25 The water-absorbent sheet 70 is sheathed by a casing 72, as shown in Fig. 13. 

This casing 72 has numerous apertures 71 through which the air may be supplied to the 
first oxygen electrode plate 21 and to the second oxygen electrode plate 62. 

The casing 72 is shrouded by a sheet cover 75, having both air permeability 
and waterproofing properties, as shown in Fig. 13. Thus, the sheet cover 75 affords 

30 waterproof characteristics to the electrical energy generating device. Moreover, since 
the sheet cover 75 is water-permeable, air can be supplied through the sheet cover 75 
to the first oxygen electrode plate 21 and the second oxygen electrode plate 62. 
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Moreover, water yielded on the first oxygen electrode plate 21 and the second oxygen 
electrode plate 62 through linkage reaction of oxygen, protons and electrons may be 
vaporized off through the sheet cover 75. 

In the embodiment shown in Fig. 13, the sheet cover 75 is air-permeable and 
5 waterproofed so that oxygen in atmospheric air may be supplied efficiently to the first 
oxygen electrode plate 21 and the second oxygen electrode plate 62 for reaction with 
protons and electrons. Through the reaction of oxygen, protons and electrons, the 
water yielded on the first oxygen electrode plate 21 and the second oxygen electrode 
plate 62 may be vaporized and removed efficiently, while the electrical energy 
10 generating device may be improved in waterproof characteristics. 

Since the water-absorbent sheet 70, which is air-permeable and exhibits 
waterproofing properties, is provided on the inner side of the sheet cover 75, for 
sheathing the first and second unit cells 51, 52, water yielded on the first oxygen 
electrode plate 21 and the second oxygen electrode plate 62 by reaction of oxygen, 
15 protons and electrons may be efficiently removed fi:*om the first oxygen electrode plate 
21 and the second oxygen electrode plate 62 to improve the efficiency of generation of 
the electrical energy. 

Moreover, since the water-absorbent sheet 70 has numerous apertures 71, 
oxygen in atmospheric air may be efficiently supplied to the first oxygen electrode 
20 plate 21 and the second oxygen electrode plate 62 for reaction with protons and 
electrons. Through the reaction of oxygen, protons and electrons, the water yielded on 
the first oxygen electrode plate 21 and the second oxygen electrode plate 62 may be 
efficiently vaporized and removed. 

The present invention can be modified within the scope of the present 
25 invention without being limited to the above-described embodiments. 

For example, the numerous apertures 71 are formed in the water-absorbent 
sheet 70, so that oxygen in atmospheric air is supplied to the first oxygen electrode 
plate 21 and the second oxygen electrode plate 62, while oxygen, protons and electrons 
are reacted through these numerous apertures 71 to vaporize off the water yielded on 
30 the first oxygen electrode plate 21 and the second oxygen electrode plate 62. It is, 
however, only sufficient if the water-absorbent sheet 70 exhibits water absorption 
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characteristics and air permeability, without it being imperative to form the numerous 
apertures 7 1 . 

In the above-described embodiment, the first hydrogen electrode plate 1 and 
the hydrogen gas path forming plate 6 are superposed on and tightly contacted to each 
5 other so that the points of intersection 15 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are 
coincident with the center point of the square-shaped apertures 9 formed in the first air 
flow path plate 6 and so that the points of intersections 16 of the lattice 10 forming the 
square-shaped apertures 9, small-sized square-shaped apertures 12 and the rectangular 

10 apertures 13 of the hydrogen gas path forming plate 6 are coincident with the center 
points of the square-shaped apertures 2 formed in the first hydrogen electrode plate 1 . 
However, it is not mandatory to have the first hydrogen electrode plate 1 and the 
hydrogen gas path forming plate 6 tightly contacted together in this manner since it is 
only sufficient if the first hydrogen electrode plate 1 and the hydrogen gas path 

15 forming plate 6 are tightly contacted together so that each of the multiple apertures 
formed in the first hydrogen electrode plate 1 communicates with two or more of the 
multiple apertures formed in the hydrogen gas flow path plate 6, with each of the 
multiple apertures formed in the hydrogen gas flow path plate 6 communicating with 
two or more of the multiple apertures formed in the first hydrogen electrode plate 1. 

20 Although the 13 square-shaped apertures 2 and 8 triangular apertures 3 are 

formed in the first hydrogen electrode plate 1, the numbers of the square-shaped 
apertures 2 and the triangular apertures 3 may be set arbitrarily. Moreover, the shape 
of the apertures is not limited to a square or triangular shape, but also may be 
polygonal, such as a rectangular shape, or circular. 

25 In addition, although the 12 square-shaped apertures 9 of the same size as the 

square-shaped apertures 2 formed in the first hydrogen electrode plate 1, four small- 
sized square-shaped apertures and eight triangular apertures 13 are formed in the 
hydrogen gas flow path plate 6, it is not mandatory to have the square-shaped apertures 
9 of the same size as the square-shaped apertures 2 formed in the first hydrogen 

30 electrode plate 1, such that the numbers of the square-shaped apertures 9, small-sized 
square-shaped apertures 12 and the triangular apertures 13 may be optionally set, while 
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the shape of the apertures is not Kmited to the square or rectangular shape, but may be 
polygonal, such as rectangular shape, or to a circular shape. 

It is noted that, in the above-described embodiment, the first oxygen electrode 
plate 21 and the first air flow path plate 26 are superposed on and tightly contacted to 
5 each other to form the first unit cell 51 so that the points of intersection 35 of the 
lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of the 
first oxygen electrode plate 21 are coincident with the center points of the square- 
shaped apertures 29 formed in the first air flow path plate 26 and so that the points of 
intersections 36 of the lattice 30 forming the square-shaped apertures 29 formed in the 

10 first air flow path plate 26 are coincident with the center points of the square-shaped 
apertures 22 formed in the first oxygen electrode plate 21. However, it is not 
mandatory for the first oxygen electrode plate 21 and the first air flow path plate 26 to 
be tightly contacted together in this manner since it is only sufficient if the first oxygen 
electrode plate 21 and the first air flow path plate 26 are tightly contacted together so 

15 that each of the multiple square-shaped apertures 22 and the triangular apertures 23 
formed in the first oxygen electrode plate 21 communicates with two or more of the 
multiple square-shaped apertures 29 formed in the first air flow path plate 26, with 
each of the multiple square-shaped apertures 29 formed in the first air flow path plate 
26 communicating with two or more of the triangular apertures 23 and the multiple 

20 square-shaped apertures 22 formed in the first oxygen electrode plate 21. 

Although the first oxygen electrode plate 21 is shaped in the same way as the 
first hydrogen electrode plate 1, and 13 square-shaped apertures 22 and 8 triangular 
apertures 23 are formed in the first oxygen electrode plate 21, the numbers of the 
square-shaped apertures 22 and the triangular apertures 23 may be set arbitrarily. 

25 Moreover, the shape of the apertures is not limited to a square or triangular shape, but 
may also be polygonal, such as a rectangular shape, or circular. Moreover, it is not 
mandatory that the first oxygen electrode plate 21 be shaped similarly to the first 
hydrogen electrode plate 1 . 

Although the 16 square-shaped apertures 29 of the same size as the square- 

30 shaped apertures 22 formed in the first oxygen electrode plate 21 and the cut-outs 27a, 
28a, 27b, 28b, 27c, 28c, 27d, 28d are formed in the first air flow path plate 26, it is not 
mandatory to provide the square-shaped apertures 29 of the same size as the square- 
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shaped apertures 22 fomied in the first oxygen electrode plate 21. Moreover, the 
number of the square-shaped apertures 29 and the number of the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path plate 26 may be set 
arbitrarily. The shape of the apertures formed in the first air flow path plate 26 is not 
limited to the square shape, but they also may be polygonal, such as rectangular or 
tricingular, or circular; while it is not mandatory to provide the cut-outs 27a, 28a, 27b, 
28b, 27c, 28c, 27d, 28d shown in Fig.6. 

Although the first module retention plate 40 is tightly contacted to the first air 
flow path plate 26 so that the center point of the circular apertures 41 formed in the 
first module retention plate 40 are coincident with the points of intersection 36 of the 
lattice 30 forming the square-shaped apertures 29 of the first air flow path plate 26 and 
so that the points of intersection 43 of the lattice 42 forming the circular apertures 41 
of the first module retention plate 40 are coincident with the center point of the square- 
shaped apertures 29 of the first air flow path plate 26. However, it is not mandatory 
for the first module retention plate 40 and the first air flow path plate 26 to be tightly 
contacted together in this manner since it is only sufficient if the first module retention 
plate 40 and the first air flow path plate 26 are tightly contacted together so that each 
of the multiple circular apertures 41 formed in the first module retention plate 40 
communicates with two or more of the multiple square-shaped apertures 29 formed in 
the first air flow path plate 26, with each of the multiple square-shaped apertures 29 
formed in the first air flow path plate 26 communicating with two or more of the 
multiple circular apertures 41 formed in the first module retention plate 40. 

Although 21 circular apertures 41 are formed in the first module retention plate 
40, in the above-described embodiment, the number of the circular apertures 41 
formed in the first module retention plate 40 may be set arbitrarily. The apertures 
formed in the first module retention plate 40 are not limited to circular shape, but 
square-shaped, rectangular or triangular apertures may be formed in the first module 
retention plate 40. 

Although the first hydrogen electrode plate 1 is formed of stainless steel, it is 
not mandatory to form the first hydrogen electrode plate 1 of stainless steel, such that 
it may be formed of hastelloy, nickel, molybdenum, copper, aluminum, iron, silver, 
gold, platinum, tantalum or titanium, or alloys of two or more of these materials. 
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Although the hydrogen gas flow path plate 6 is formed of polycarbonate, it is 
not mandatory to form the hydrogen gas flow path plate 6 of polyceirbonate, such that 
the hydrogen gas flow path plate 6 may be formed of acrylic resin, ceramics, carbon, 
hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, iron, silver, gold, 
5 platinum, tantalum or titanium, or alloys of two or more of these materials. 

Although the first oxygen electrode plate 21 is formed of stainless steel, it is 
not mandatory to form the first oxygen electrode plate 21 of stainless steel, such that 
the first oxygen electrode plate 21 may be formed of hastelloy, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum or titanium, or alloys of two 
10 or more of these materials. 

Although the first air flow path plate 26 is formed of polycarbonate, it is not 
mandatory that the first air flow path plate 26 be formed of polycarbonate, such that it 
also may be formed of acrylic acid, ceramics, carbon, hastelloy, stainless steel, nickel, 
molybdenum, copper, aluminum, iron, silver, gold, platinum, tantalum or titanium, in 
1 5 place of polycarbonate. 

Although the eight rectangular pins for electrode interconnection A to H are 
formed on the four sides of each of the first hydrogen electrode plate 1, second 
hydrogen electrode plate 60, first oxygen electrode plate 21 and the second oxygen 
electrode plate 62, the number, shape and the forming positions of the pins for 
20 electrode interconnection A to H may be selected and determined in optional manner. 
It is not mandatory that the eight pins for electrode interconnection A to H be formed 
on the four sides of each of the first hydrogen electrode plate 1, second hydrogen 
electrode plate 60, first oxygen electrode plate 21 and the second oxygen electrode 
plate 62. 

25 Indeed, although the present invention has been described with reference to 

specific embodiments, those of skill in the art will recognize that changes may be 
made thereto without departing from the spirit and scope of the present invention as set 
forth in the hereafl:er appended claims. 
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ABSTRACT OF THE DISCLOSURE 
An electrical energy generating device which is able to supply oxygen in 
atmospheric air efficiently to an oxygen electrode and to vaporize water yielded off 
efficiently, and which has superior waterproof characteristic. The device includes a 
number of cells each having a hydrogen electrode plate, a proton conductor film and 
an oxygen electrode plate, and a sheet cover 5 which is air-permeable and 
waterproofed and which shrouds each cell. 



44 



In The Claims : 

On page 65, cancel line 1 and substitute the following left hand justified 
heading therefore: 
CLAIMS 

Please cancel claims 1-27, without prejudice, and substitute the following 
claims therefore: 

28. An electrical energy generating device, comprising: 
a cell having at least a hydrogen electrode; 

a proton conductor film; 
an oxygen electrode; and 

a sheet cover having both air permeability and waterproof characteristics, 
wherein the sheet cover shrouds the cell. 

29. An electrical energy generating device as claimed in claim 28, wherein 
the sheet cover is formed of a material selected from the group consisting of 
polyurethane, micro-porous polyolefin, natural protein hyperfine powder, and 
waterproofed polyester. 

30. An electrical energy generating device as claimed in claim 28, further 
comprising a water- absorbent sheet having air permeability characteristics and a 
water- absorbing property which is provided inside the sheet cover, wherein the water 
absorbent sheet shrouds the cell. 

31. An electrical energy generating device as claimed in claim 30, further 
comprising a casing having a plurality of apertures between the sheet cover and the 
water-absorbent sheet, wherein the casing shrouds the cell. 

32. An electrical energy generating device as claimed in claim 31, wherein 
the water-absorbent sheet is formed of a water-absorbent material having a plurality of 
apertures. 
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33. An electrical energy generating device as claimed in claim 28, wherein 
the hydrogen electrode is a hydrogen electrode plate, the oxygen electrode is an 
oxygen electrode plate, and the cell further includes a hydrogen gas flow path plate in 
which a plurahty of apertures are formed by lattice, so that a first hydrogen electrode 
5 plate, a first proton conductor film and a first oxygen electrode plate are arrayed in an 
order thereof in one side of the hydrogen gas flow path plate and a second hydrogen 
electrode plate, a second proton conductor film and a second oxygen electrode plate 
are arrayed in an order thereof on another side of the hydrogen gas flow path plate. 

10 34. An electrical energy generating device as claimed in claim 33, wherein 

the first hydrogen electrode plate and the second hydrogen electrode plate are each 
formed of a plurality of apertures by lattice, the first hydrogen electrode plate and the 
hydrogen gas flow path plate are arrayed so that each of the apertures formed in the 
first hydrogen electrode plate passes through the apertures formed in the hydrogen gas 

15 flow path plate, with a first hydrogen gas channel being formed therebetween, and 
wherein the second hydrogen electrode plate and the hydrogen gas flow path plate are 
arrayed so that each of the apertures formed in the second hydrogen electrode plate 
passes through the apertures formed in the hydrogen gas flow path plate, with a second 
hydrogen gas channel being formed therebetween. 

20 

35. An electrical energy generating device as claimed in claim 34, wherein 
the hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that 
at least a part of points of intersection of the lattice of the first hydrogen electrode plate 
is within an inside of the plurality of apertures formed in the hydrogen gas flow path 

25 plate, and so that at least a part of points of intersections of the lattice of the hydrogen 
gas flow path plate is within an inside of the plurality of apertures formed in the first 
hydrogen electrode plate, with the first hydrogen gas channel being formed 
therebetween, and wherein the hydrogen electrode plate and the hydrogen gas flow 
path plate are arrayed so that at least part of points of intersection of the lattice of the 

30 second hydrogen electrode plate is within the inside of the plurality of apertures 
formed in the hydrogen gas flow path plate, and so that at least a part of points of 
intersections of the lattice of the hydrogen gas flow path plate is within an inside of the 
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plurality of multiple apertures formed in the second hydrogen electrode plate, with the 
second hydrogen gas channel being formed therebetween, 

36. An electrical energy generating device as claimed in claim 34, wherein 
5 at least part of the plurality of apertures formed in the first hydrogen electrode plate 

and at least part of the plurality of the apertures formed in the hydrogen gas flow path 
plate are substantially of a same shape and wherein at least part of the plurality of 
apertures formed in the second hydrogen electrode plate and at least part of the 
plurality of apertures formed in the hydrogen gas flow path plate are substantially of a 
10 same shape. 

37. An electrical energy generating device as claimed in claim 36, wherein 
at least part of the plurality of apertures formed in the first hydrogen electrode plate 
and at least part of the plurality of apertures formed in the hydrogen gas flow path 

15 plate are substantially of a same rectangular shape, and wherein at least part of the 
plurality of apertures formed in the second hydrogen electrode plate and at least part of 
the plurality of apertures formed in the hydrogen gas flow path plate are substantially 
of a same rectangular shape. 

20 38. An electrical energy generating device as claimed in claim 37, wherein the 

hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first hydrogen electrode plate is 
coincident with center points of the plurality of apertures formed in the first hydrogen 
electrode plate, and so that at least part of points of intersection of the lattice of the 

25 hydrogen gas flow path plate is coincident with center points of the plurality of 
apertures formed in the first hydrogen electrode plate, with the first hydrogen gas 
channel being formed therebetween, and wherein the hydrogen electrode plate and the 
hydrogen gas flow path plate are arrayed so that at least part of points of intersection 
of the lattice of the second hydrogen electrode plate is coincident with center points of 

30 the plurality of apertures formed in the hydrogen gas flow path plate, and so that at 
least part of points of intersection of the lattice of the hydrogen gas flow path plate is 
coincident with center points of the plurality of apertures formed in the second 
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hydrogen electrode plate, with the second hydrogen gas channel being formed 
therebetween. 

39. An electrical energy generating device as claimed in claim 33, wherein a 
5 thickness of the hydrogen gas flow path plate is from 0.01 mm to 1 mm. 

40. An electrical energy generating device as claimed in claim 33, wherein a 
thickness of each of the first hydrogen electrode plate and the second hydrogen 
electrode plate is from 0.01 mm to 1 mm. 

10 

41. An electrical energy generating device as claimed in claim 33, wherein the 
hydrogen gas flow path plate is formed of a material selected from the group 
consisting of polycarbonate, acrylic resin, ceramics, carbon, hastelloy, stainless steel, 
nickel, molybdenum, copper, aluminum, iron, silver, gold, platinum, tantalum and 

1 5 titanium. 

42. An electrical energy generating device as claimed in claim 33, wherein the 
first and second hydrogen electrode plates are each formed of a material selected from 
the group consisting of hastelloy, stainless steel, nickel, molybdenum, copper, 

20 aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof. 

43. An electrical energy generating device as claimed in claim 33, wherein the 
first oxygen electrode plate and the second hydrogen electrode plate are each formed 
of a plurality of apertures by a lattice, the cell further comprising a first air flow path 

25 plate in which a plurality of apertures is formed by a lattice and a second air flow path 
plate in which a plurality of apertures is formed by a lattice, the surface of the first 
oxygen electrode plate opposite to the first proton conductor film and the first air flow 
path plate are arrayed so that each of the apertures formed in the first oxygen 
electrode plate passes through the apertures formed in the first air flow path plate, with 

30 a first air channel being formed therebetween, and wherein a surface of the second 
oxygen electrode plate opposite to the second proton conductor film and the second air 
flow path plate are arrayed so that each of the apertures formed in the second oxygen 

48 



™1> ' t'*3 'i, pf"" .jj*^^ jF"'*.' ^^i^ '"^ tf^' 1,*"^, 



electrode plate passes through the apertures formed in the second air flow path plate, 
with a second air channel being formed therebetween. 

44. An electrical energy generating device as claimed in claim 43, wherein the 
5 first oxygen electrode plate and the first air flow path plate are arrayed so that at least 

part of points of intersection of the lattice of the first oxygen electrode plate is within 
an inside of the plurality of apertures formed in the first air flow path plate, and so that 
at least part of points of intersection of the lattice of the first air flow path plate is 
within the plurality of apertures formed in the first oxygen electrode plate, with the 

10 first air channel being formed therebetween, and wherein the second oxygen electrode 
plate and the second air flow path plate are arrayed so that at least part of points of 
intersection of the lattice of the second oxygen electrode plate is within an inside of 
the plurality of apertures formed in the second air flow path plate, and so that at least 
part of points of intersection of the lattice of the second air flow path plate is within the 

1 5 plurality of apertures formed in the second oxygen electrode plate, with the second air 
channel being formed therebetween. 

45. An electrical energy generating device as claimed in claim 43, wherein at 
least part of the plurality of apertures formed in the first oxygen electrode plate and at 

20 least part of the plurality of apertures formed in the first air flow path plate are 
substantially of a same shape and wherein at least part of the plurality of apertures 
formed in the second oxygen electrode plate and at least part of the plurality of 
apertures formed in the second air flow path forming plate are substantially of a same 
shape. 

25 

46. An electrical energy generating device as claimed in claim 45, wherein at 
least part of the plurality of apertures formed in the first oxygen electrode plate and at 
least part of the plurality of apertures formed in the first air flow path plate are 
substantially of a same rectangular shape and wherein at least part of the plurality of 

30 apertures formed in the second oxygen electrode plate and at least part of the plurality 
of apertures formed in the second air flow path plate are substantially of a same 
rectangular shape. 
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47, An electrical energy generating device as claimed in claim 43, wherein the 
first oxygen electrode plate and the first air flow path plate are arrayed so that at least 
part of points of intersection of the lattice of the first oxygen electrode plate is 
coincident with center points of the plurality of apertures formed in the first air flow 
path plate, and so that at least part of points of intersection of the lattice of the first air 
flow path plate is coincident with center points of the plurality of apertures formed in 
the first oxygen electrode plate, with the first air channel being formed therebetween, 
and wherein the second oxygen electrode plate and the second air flow path plate are 
arrayed so that at least part of points of intersection of the lattice of the second oxygen 
electrode plate is coincident with center points of the plurality of apertures formed in 
the second air flow path plate, and so that at least part of points of intersection of the 
lattice of the second air flow path forming plate is coincident with center points of the 
plurality of apertures formed in the second oxygen electrode plate, with the second air 
channel being formed therebetween. 

48. An electrical energy generating device as claimed in claim 43, wherein a 
thickness of each of the first air flow path plate and the second air flow path plate is 
from 0.01 mm to 0.5 mm. 

49. An electrical energy generating device as claimed in claim 43, wherein a 
thickness of each of the first oxygen electrode plate and the second oxygen electrode 
plate is from 0.01 mm to 1 mm. 

50. An electrical energy generating device as claimed in claim 43, wherein the 
first air flow path plate and the second air flow path plate are each formed of a 
material selected fi-om the group consisting of polycarbinate, acrylic resin, ceramics, 
carbon, hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, iron, silver, 
gold, platinum, tantalum and titanium. 

51. An electrical energy generating device as claimed in claim 43, wherein the 
first and second oxygen electrode plates are each formed of a material selected from 
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the group consisting of hastelloy, stainless steel, nickel, molybdenum, copper, 
aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof, 

52. An electrical energy generating device as claimed in claim 43, wherein the 
5 cell further includes a first module retention plate in which a plurality of apertures are 

formed by a lattice, on an opposite side of the first air flow path plate with respect to 
the first oxygen electrode plate, and a second module retention plate in which a 
plurality of apertures are formed by a lattice, on an opposite side of the second air flow 
path plate with respect to the second oxygen electrode plate, the first module retention 
10 plate and the first air flow path plate are arrayed so that each of the apertures formed in 
the first module retention plate passes through the apertures formed in the first air flow 
path plate and wherein the second module retention plate and the second air flow path 
plate are arrayed so that each of the apertures formed in the second module retention 
plate passes through the apertures formed in the second air flow path plate. 

15 

53. An electrical energy generating device as claimed in claim 52, wherein the 
first module retention plate and the first air flow path plate are arrayed so that at least 
part of points of intersection of the lattice of the first module retention plate is within 
an inside of the plurality of apertures formed in the first air flow path plate, and so that 

20 at least part of points of intersection of the lattice of the first air flow path plate is 
within the plurality of apertures formed in the first module retention plate, and wherein 
the second module retention plate and the second air flow path plate are arrayed so that 
at least part of points of intersection of the lattice of the second module retention plate 
is within an inside of the plurality of apertures formed in the second air flow path 

25 plate, and so that at least part of points of intersection of the lattice of the second air 
flow path plate is within the plurality of apertures formed in the second module 
retention plate. 

54. An electrical energy generating device as claimed in claim 52, wherein at 
30 least part of the plurality of apertures formed in the first module retention plate are 

formed to substantially a circular shape and wherein at least part of the plurality of 
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apertures formed in the second module retention plate are formed to substantially a 
circular shape. 



The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
added thereby. Attached hereto is a marked-up version of the changes made to the 
specification by the present amendment. The attached page is captioned " Version 
With Markings To Show Changes Made'\ 

Li addition, the present amendment cancels original claims 1-27 in favor of 
new claims 28-54. Claims 28-54 have been presented solely because the revisions by 
red-lining and underlining which would have been necessary in claims 1-27 in order to 
present those claims in accordance with preferred United States Patent Practice would 
have been too extensive, and thus would have been too burdensome. The present 
amendment is intended for clarification purposes only and not for substantial reasons 
related to patentability pursuant to 35 U.S.C. §§101, 102, 103 or 112. Indeed, the 
cancellation of claims 1-27 does not constitute an intent on the part of the Applicants 
to surrender any of the subject matter of claims 1-27. 

Early consideration on the merits is respectfully requested. 



REMARKS 



Respectfully subrmtted. 




William E. Vaughan ficjgfNo. 39,056) 
Bell, Boyd & Lloyd l^kC 
P.O. Box 1135 

Chicago, Illinois 60690-1135 
(312) 807-4292 
Attorneys for Applicants 
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VERSIONS WITH MARKINGS TO SHOW CHANGES MADE 
In The Specification: 

The Specification of the present apphcation, including the Abstract, has been 
amended as follows: 

{DESCRIPTION 
SP LClFICAl ION 
TITLE OF THE INVENTION 
DltVICE FOR GENERATING ELECTRICAL ENERGY 
BACKGROUND OF THE INVENTION 
Device fo r Gener ating E loctrical En ergy 
T echnical Fi ^d 

The p resent Tki^invention relates to a device for generating tht^-electrical 
energy. More particularly, it relates to a device for generating ll>e~electrical energy 
which enables atmospheric air to be supplied efficiently to an oxygen electrode, which 
efficiently vaporizes off the water yielded and which ig- has superior in waterproof 
characteristics wateip r oe-fness. 

Until ^4ft-k>~-now, fossil fuels, such as gasoline or light oil, have been used 
extensively not only as an energy source for automobiles, but also as an energy source 
for power generation. Through the use of these fossil fuels, fhe-mankind could enjoy 
such benefits as drastically improved q uality of life level or industrial development. 
On the other hand, the earth is imperiled by a serious risk of environmental 
destruction. Moreover, the resources of fossil fuel tend to be depleted such that 
difficulties are feared to be met as to a_stable supply of fossil fuel over a long term. 

Recently, hydrogen is attracting attention as an energy source which is to take 
the place of the fossil fuel. Hydrogen is contained in water and exists abundantly on 
the earth, while a large amount of chemical energy is contained per unit weight 
therein. Moreover, when used as an energy source, hydrogen does not yield obnoxious 
materials or gases tending to produce global warming. For these reasons, hydrogen is 
attracting significant attention as being an energy source which is to take the place of 
the-fossil fuel and which is clean and plentiful in supply. 
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Recently, studies and developments in th^electrical energy generating devices, 
capable of taking a«~electrical energy from tt^hydrogen energy, are going on briskly, 
such that expectations are made for application of the electrical energy generating 
device to large-scale power generation or on-site self-generation, or as a power source 
for automobiles. 

A device for taking #ie-electrical energy from the~hydrogen energy for taking 
tf^e-^leetw al en efQ^-fre m the h y dro gen energy includes a hydrogen electrode, fed with 
a hydrogen gas, an oxygen electrode, fed with oxygen, and a proton conductor film for 
transmitting protons formed on the hydrogen electrode to the oxygen electrode, ^\ 
W lydrogen gas fed to the hydrogen electrode is dissociated by a catalyst action into 
protons and electrons. The electrons are absorbed by a hydrogen electroder-^'^h^i4st 
while the protons are transported to the oxygen electrode through the proton conductor 
film. The electrons absorbed in the oxygen electrode are migrated through a load to 
the oxygen electrode. On the other hand, oxygen fed to the oxygen electrode is 
combined by the catalyst action with the protons and electrons migrated from the 
hydrogen electrode to yield water. The electrical energy generating device is 
constructed so that an electromotive force is generated in this manner across the 
hydrogen elect rode afi[d-4he-<^wi^eH^ and oxygen electrodes to cause the 

current to flow through a load. 

Since the electrical energy generating device is designed so that oxygen in 
atmospheric air is supplied to the oxygen electrode to generate the electrical energy, it 
is mandatory that the device be constructed so as to supply oxygen in atmospheric air 
to the oxygen electrode. The electrons absorbed by the hydrogen electrode are 
transported through the load to the oxygen electrode. The oxygen supplied to the 
oxygen electrode is combined with protons and electrons transported from the 
hydrogen electrode to yield water. The electrical energy generating device is designed 
in this manner so that the electromotive force is generated across the hydrogen and 
oxygen electrodes to cause the current to flow through the load. 

Since the electrical energy generating device is constructed so as to supply 
oxygen in atmosphere to the oxygen electrode to generate the electrical energy, it is 
mandatory that the device be so constructed as to supply oxygen contained in 
atmosphere to be supplied to the oxygen electrode. Also, if oxygen becomes affixed to 



54 



the oxygen electrode, the efficiency of generation of the electrical energy is lowered. 
It is therefore essential that the device be constructed so as to vaporize yielded v^ater 
off efficiently. 

On the other hand, if the electrical energy generating device is immersed in 
5 water, the electrical energy device may be destroyed due to shorting. Thus, the 
electrical energy generating device is required to be of a structure having superior 
waterpfeofiftess watcq^roo f characteristics . 

SUM MARY OF TllH I NVB NTION 
f>i^esureef the ItH^nlion 
10 It is an object of the present invention to provide an electrical energy 

generating device for generating the electrical energy which enables atmospheric air to 
be supplied efficiently to an oxygen electrode, which efficiently vaporizes off the 
water yielded and which is superior in-^^^ip roo fnes swatcrproo f c haractc r i sties . 

For accomplishing the above object, the present invention provides an 
15 electrical energy generating device eeffl^si^B^ iiicludi ng a ceil having at least a 
hydrogen electrode, a proton conductor film, an oxygen electrode, and a sheet cover 
having an air permeability and a^vateF^reefftes6-^v¥lwei-n-- wa tcip roo f ch arac 1 cri st i c s. 
with the sheet cover shrouding sh^3trirhwff-the cell. 

In the electrical energy generating device of the present invention, since the 
20 sheet cover shrouding the cell including at least the hydrogen electrode, proton 
conductor film and the oxygen electrode is air-permeable and exhibits- w-atet^pieefeess 
watcqiroof c hara ct eristics , oxygen in atmospheric air can be supplied efficiently to the 
oxygen electrode for reaction with protons and electrons. Moreover, water yielded on 
the oxygen electrode by reaction between oxygen, protons and electrons may be 
25 efficiently vaporized off, while it is possible to improve the w ^at e rpr o o fncGS waterproof 
characteristics of the electrical energy generating device. 

The air-permeable waterproofing sheet cover, forming the electrical energy 
generating device according to the present invention, may be formed of a material 
selected from the group consisting of polyurethane, micro-porous polyolefin, natural 
30 protein hj^erfine powder, and waterproofed polyester. 

The electrical energy generating device according to the present invention 
further includes a water-absorbent sheet having an air permeability and a water- 
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absorbing property which is provided inside the sheet cover for shrouding the cell, so 
that water formed on the oxygen electrode by reaction of oxygen, protons and 
electrons may be efficiently removed fi"om the oxygen electrode to improve the 
efficiency in generating the electrical energy. 
5 The water-absorbent sheet, used for the electrical energy generating device 

according to the present invention, is formed of a water-absorbent resin selected from 
the group consisting of a cross-linked product of a neutralized polyacrylic acid, a self- 
crosslinked neutralized polyacrylic acid, starch acrylonitrile graft polymer cross-linked 
product, a hydrolizate thereof, a saponified product of vinyl acetate acrylic acid ester 

10 copolymer, an acrylate acrylamide copolymer cross-linked product, a cross-linked 
product of acrylic acid 2 acrylamide 2 methylpropanesulfonic acid copolymer salt, a 
cross-linked product of isobutylene maleic anhydride copoljoner salt, cross-linked 
carboxymethyl cellulose salts and water-absorbent resins selected from the group 
consisting of one or more of the above products. 

15 The water- absorbent sheet may-also may be formed by a water- absorbent 

material obtained on processing the cross-linked product of a neutralized polyacrylic 
acid, a seM^-pe sslink ec-l- scir cross-linked neutralized polyacrylic acid, a cross-linked 
product starch acrylonitrile graft polymer, a hydrolizate thereof, a saponified product 
of vinyl acetate acrylic acid ester copolymer, a cross-linked product of an acrylate 

20 acrylamide copolymer, a cross-linked product of acrylic acid 2 acrylamide 2 
methylpropanesulfonic acid copolymer salt, isobutylene maleic anhydride copolymer 
salt, cross-linked carboxymethyl cellulose salts, and water-absorbent resins selected 
from the group consisting of one or more of the above products, with polyurethane 
having polyoxyethylene groups. 

25 The electrical energy generating device according to the present invention 

fiirther comprises includes a casing having numerous apertures between the sheet 
cover and the water-absorbent sheet, wherein the casing shrouds the cell . 

The water-absorbent sheet is preferably formed by a water-absorbent material 
having numerous apertures. With the use of the water-absorbent sheet, formed of a 

30 water-absorbent material, having numerous apertures, the water yielded on the oxygen 
electrode by reaction between oxygen, protons and electrons can be efficiently 
removed from the oxygen electrode. Moreover, oxygen in atmospheric air can be 
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efficiently supplied to the oxygen electrode through these numerous apertures for 
reaction with protons and electrons. By the reaction between oxygen, protons and 
electrons, the water generated on the oxygen electrode can be efficiently vaporized off 
In the electrical energy generating device according to the present invention, 
the hydrogen electrode is a hydrogen electrode plate, the oxygen electrode is an 
oxygen electrode plate. The cell c o mp ri s e s includes a hydrogen gas flow path plate, in 
which a ^htraj-jty- nunibcr of apertures is arc formed by lattice, so that a first hydrogen 
electrode plate, a first proton conductor film and a first oxygen electrode plate are 
arrayed in an order thereof in one side of the hydrogen gas flow path plate and a 
second hydrogen electrode plate, a second proton conductor film and a second oxygen 
electrode plate are arrayed in an order thereof on another side of the hydrogen gas flow 
path plate. 

Preferably, the first hydrogen electrode plate and the second hydrogen 
electrode plate are each formed a pluruHty numb er of apertures by lattice. The first : j 
hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that each 
of the apertures formed in the first hydrogen electrode plate passes through the 
apertures fornied in the hydrogen gas flow path plate, with a first hydrogen gas 
channel being formed therebetween. The second hydrogen electrode plate and the 
hydrogen gas flow path plate are arrayed so that each of the apertures formed in the 
second hydrogen electrode plate passes through the apertures formed in the hydrogen 
gas flow path plate, with a second hydrogen gas channel being formed therebetween. 

With the electrical energy generating device according to the present invention, 
simply the first hydrogen electrode plate and the hydrogen gas flow path plate are 
arrayed so that each of the apertures formed in the first hydrogen electrode plate passes 
through the apertures formed in the hydrogen gas flow path plate, with a first hydrogen 
gas channel being formed therebetween, while the second hydrogen electrode plate 
and the hydrogen gas flow path plate are arrayed so that each of the apertures formed 
in the second hydrogen electrode plate passes through the apertures formed in the 
hydrogen gas flow path plate, with a second hydrogen gas channel being formed 
therebetween, so that the hydrogen gas may be contacted efficiently with the hydrogen 
electrode to improve the efficiently in generating the electrical energy. 
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More preferably, with the electrical energy generating device of the present 
invention, the hydrogen electrode plate and the hydrogen gas flow path plate are 
arrayed so that at least a part of points of intersection of the lattice of the first hydrogen 
electrode plate is within the inside of the pl ural niuUiplc apertures formed in the 
5 hydrogen gas flow path plate, and so that at least a part of points of intersections of the 
lattice of the hydrogen gas flow path plate is within the inside of the pkiral multiple 
apertures formed in the first hydrogen electrode plate, with the first hydrogen gas 
channel being formed therebetween, whereas the hydrogen electrode plate and the 
hydrogen gas flow path plate are arrayed so that at least part of points of intersection 

10 of the lattice of the second hydrogen electrode plate is within the inside of the p lural 
multiple apertures formed in the hydrogen gas flow path plate and so that at least a part 
of points of intersections of the lattice of the hydrogen gas flow path plate is within the 
inside of the pteml- multiplc apertures formed in the second hydrogen electrode plate, 
with the second hydrogen gas channel being formed therebetween. 

15 With the electrical energy generating device of the present invention, the 

hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that at 
least a part of points of intersection of the lattice of the first hydrogen electrode plate is 
within the inside of the plwat- multiple apertures formed in the hydrogen gas flow path 
plate, and so that at least a part of points of intersections of the lattice of the hydrogen 

20 gas flow path plate is within the inside of the filwa^- multiple apertures formed in the 
first hydrogen electrode plate, with the first hydrogen gas channel being formed 
therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow path 
plate are arrayed so that at least part of points of intersection of the lattice of the 
second hydrogen electrode plate is within the inside of the |>ktrat multiple apertures 

25 formed in the hydrogen gas flow path plate and so that at least a part of points of 
intersections of the lattice of the hydrogen gas flow path plate is within the inside of 
the plwa hnultiplc apertures formed in the second hydrogen electrode plate, with the 
second hydrogen gas channel being formed therebetween. Thus, the apertures of the 
first hydrogen electrode plate, the points of intersection of the lattice of which are 

30 within the inside of the pkn=al -multiplc apertures formed in the hydrogen gas flow path 
plate communicate with four apertures formed in the hydrogen gas flow path plate, the 
apertures of the hydrogen gas flow path plate, the points of intersection of the lattice of 
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which are within the inside of the pktfal mulliplc apertures formed in the first hydrogen 
electrode plate, communicate with four apertures formed in the first hydrogen 
electrode plate, apertures of the second hydrogen gas flow path plate, the points of 
intersection of the lattice of which are within the inside of the ^34uya 4multiple apertures 
formed in the hydrogen gas flow path plate, communicate with four apertures formed 
in the hydrogen gas flow path plate and the apertures of the hydrogen gas flow path 
plate, the points of intersection of the lattice of which are within the inside of the 
pkffat multiple apertures formed in the second hydrogen electrode plate, communicate 
with four apertures formed in the second hydrogen electrode plate. Since the hydrogen 
gas flows through the inside of the cell, along the surfaces of the first and second 
hydrogen electrode plates, as the gas is spread two-dimensionally, the hydrogen gas 
may be efficiently contacted with the hydrogen electrode to improve the efficiency in 
generating the electrical energy. 

With the electrical energy generating device according to the present invention, 
it is preferable that at least part of the pluim4 mu]tLplc apertures formed in the first 
hydrogen electrode plate and at least part of the plural multiple apertures formed in the 
hydrogen gas flow path plate are substantially of a same shape, wh44s^ while at least 
part of the fikmrf multiple apertures formed in the second hydrogen electrode plate and 
at least part of the fitor-al nniltiple apertures formed in the hydrogen gas flow path plate 
are substantially of a same shape. 

At least part of the pl-HrFa knuliiplc apertures formed in the first hydrogen 
electrode plate and at least part of the ftkn ^muliiple apertures formed in the hydrogen 
gas flow path plate are substantially of a same rectangular shape, whils twhilc at least 
part of the plwa tmaltiplc apertures formed in the second hydrogen electrode plate and 
at least part of the plwa4 mu1tiplc apertures formed in the hydrogen gas flow path plate 
are substantially of a same rectangular shape. 

By this configuration, the first and second hydrogen electrode plates and the 
hydrogen gas flow path plate may be machined easily, while the hydrogen gas may be 
efficiently and evenly contacted with the hydrogen electrode to improve the power 
generating efficiency. 

With the electrical energy generating device according to the present invention, 
the hydrogen electrode plate and the hydrogen gas flow path plate arrayed so that at 
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least part of points of intersection of the lattice of the first hydrogen electrode plate is 
coincident with center points of the phmy ^miiUiple apertures formed in the first 
hydrogen electrode plate, and so that at least part of points of intersection of the lattice 
of the hydrogen gas flow path plate is coincident with center points of the 
filuFat multipIc apertures formed in the first hydrogen electrode plate, with the first 
hydrogen gas channel being formed therebetween, whereas the hydrogen electrode 
plate and the hydrogen gas flow path plate are arrayed so that at least part of points of 
intersection of the lattice of the second hydrogen electrode plate is coincident with 
center points of the plwa 4mu1tiple apertures formed in the hydrogen gas flow path 
plate, and so that at least part of points of intersection of the lattice of the hydrogen gas 
flow path plate is coincident with center points of the ]->lura4 multiplc apertures formed 
in the second hydrogen electrode plate, with the second hydrogen gas channel being 
formed therebetween. 

With the electrical energy generating device according to the present invention, 
the thickness of the hydrogen gas flow path plate is from of 0.01 mm to 1 mm, 
'^'^'+^+J^'^Yhile the thickness of each of the first and second hydrogen electrode plates is 
from 0.01 mm to 1 mm. 

The hydrogen gas flow path plate is formed of a material selected from the 
group consisting of polycarbonate, acrylic resin, ceramics, carbon, hastelloy, stainless 
steel, nickel, molybdenum, copper, aluminum, iron, silver, gold, platinum, tantalum 
and titanium. 

The first and second hydrogen electrode plates are each formed of a material 
selected from the group consisting of hastelloy, stainless steel, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the second hydrogen electrode plate are each 
formed of a ^ lural it yn umber of apertures by a lattice, and the cell further 
een> pnses incktdes a first air flow path plate in which a ^toaU^ vn umber of apertures 
are formed by a lattice and a second air flow path plate in which a i»lwatit Ynumbcr of 
apertures i s are formed by a lattice. The surface of the first oxygen electrode plate 
opposite to the first proton conductor film and the first air flow path plate are arrayed 
so that each of the apertures formed in the first oxygen electrode plate passes through 
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the apertures formed in the first air flow path plate and so that with a first air channel 
being formed therebetween, whereas the surface of the second oxygen electrode plate 
opposite to the second proton conductor film and the second air flow path plate are 
arrayed so that each of the apertures formed in the second oxygen electrode plate 
5 passes through the apertures formed in the second air flow path plate, with a second air 
channel being formed therebetween. 

With the present electrical energy generating device, the first oxygen electrode 
plate and the second hydrogen electrode plate are each formed oJla pkiralit yjiumb er of 
apertures by a lattice, the cell further eemfir+se sin chides a first air flow path plate in 

1 0 which a pluralitynunibci- of apertures Isarc formed by a lattice and a second air flow 
path plate in which a fihtral4t ynuniber of apertures i sarc formed by a lattice, the surface 
of the first oxygen electrode plate opposite to the first proton conductor film and the 
first air flow path plate are arrayed so that each of the apertures formed in the first 
oxygen electrode plate passes through the apertures formed in the first air flow path 

15 plate, with a first air channel being formed therebetween, whereas the surface of the 
second oxygen electrode plate opposite to the second proton conductor film and the 
second air flow path plate are arrayed so that each of the apertures formed in the 
second oxygen electrode plate passes through the apertures formed in the second air 
flow path plate, with a second air channel being formed therebetween. Thus, air may 

20 be allowed to flow through the inside of the cell, along the surfaces of the first and 
second hydrogen electrode plates, as the gas is spread two-dimensionally, so that the 
hydrogen gas may be efficiently contacted with the hydrogen electrode to improve the 
efficiency in generating the electrical energy.Moreover, the first oxygen electrode 
plate and the first air flow path plate are arrayed so that each of the apertures formed in 

25 the first oxygen electrode plate passes through the apertures formed in the first air flow 
path plate, with the first air channel being formed therebetween, while the second 
oxygen electrode plate and the first air flow path plate are arrayed so that each of the 
apertures formed in the second oxygen electrode plate passes through the apertures 
formed in the second air flow path plate, with the second air channel being formed 

30 therebetween. Thus, the hydrogen gas may be efficiently contacted with the hydrogen 
electrode to improve the efficiency in generating the electrical energy. 
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With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate arrayed so that at least 
part of points of intersection of the lattice of the first oxygen electrode plate is within 
the inside of the ptea4 niiiliiplc apertures formed in the first air flow path plate, and so 
5 that at least part of points of intersection of the lattice of the first air flow path plate is 
within the plwalmul tiplc apertures formed in the first oxygen electrode plate, with the 
first air channel being formed therebetween, whereas the second oxygen electrode 
plate and the second air flow path plate are arrayed so that at least part of points of 
intersection of the lattice of the second oxygen electrode plate is within the inside of 

10 the plwa lmultiple apertures formed in the second air flow path plate, and so that at 
least part of points of intersection of the lattice of the second air flow path plate is 
within the f^liw^jnujliple apertures formed in the second oxygen electrode plate, with 
the second air channel being formed therebetween. 

With the above-described electrical energy generating device, in which the first 

15 oxygen electrode plate and the first air flow path plate are arrayed so that at least part 
of points of intersection of the lattice of the first oxygen electrode plate is within the 
inside of the p-l-uFaj nmltipIc apertures formed in the first air flow path plate, and so that 
at least part of points of intersection of the lattice of the first air flow path plate is 
within the pktml nuijti])ie apertures formed in the first oxygen electrode plate, with the 

20 first air channel being formed therebetween, whereas the second oxygen electrode 
plate and the second air flow path plate are arrayed so that at least part of points of 
intersection of the lattice of the second oxygen electrode plate is within the inside of 
the Btoal multiple apertures formed in the second air flow path plate, and so that at 
least part of points of intersection of the lattice of the second air flow path plate is 

25 within the pktral multiplc apertures formed in the second oxygen electrode plate, with 
the second air channel being formed therebetween. Thus, the apertures of the first 
oxygen electrode plate, the points of intersection of the lattice of which are within the 
inside of the pktral multipl e apertures formed in the first air flow path plate, 
communicate with four apertures formed in the first air flow path plate, the apertures 

30 of the first air flow path plate, the points of intersection of the lattice of which are 
within the inside of the plHra tmultiplc apertures formed in the first oxygen electrode 
plate, communicate with four apertures formed in the first oxygen electrode plate, the 
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apertures of the second oxygen electrode plate, the points of intersection of the lattice 
of which are within the inside of the p4wa4 multiple apertures formed in the second air 
flow path plate, communicate with four apertures formed in the second air flow path 
plate and the apertures of the second air flow path plate, the points of intersection of 
the lattice of which are within the inside of the f^4wal multiplc apertures formed in the 
second oxygen electrode plate, communicate with four apertures formed in the second 
oxygen electrode plate. Thus, the air may be allowed to flow through the inside of the 
cell, along the surfaces of the first and second hydrogen electrode plates, as the gas is 
spread two-dimensionally, so that the hydrogen gas may be efficiently contacted with 
the hydrogen electrode to improve the efficiency in generating the electrical energy. 

Preferably, at least part of the t^l4jm4 mulliplc apertures formed in the first 
oxygen electrode plate and at least part of the pkimlinultipic apertures formed in the 
first air flow path plate are substantially of a same shape, whereas at least part of the 
filwai multiple apertures formed in the second oxygen electrode plate and at least part 
of the p4wa lmultiple apertures formed in the second air flow path forming plate are 
substantially of a same shape. 

In a preferred embodiment of the present invention, at least part of the 
pkfFalmiiUiple apertures formed in the first oxygen electrode plate and at least part of 
the pkir-cU nuilliple apertures formed in the first air flow path plate are substantially of a 
same rectangular shape, whereas at least part of the pkrolinultiple apertures formed in 
the second oxygen electrode plate and at least part of the fi^tw-al nuiltiplc apertures 
formed in the second air flow path forming plate are substantially of a same 
rectangular shape. By this configuration, the first and second oxygen electrode plates 
and the first and second air flow path plates may be machined easily, while the oxygen 
gas may be efficiently and evenly contacted with the oxygen electrode to improve the 
power generating efficiency. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first oxygen electrode plate is 
coincident with center points of the ptefa tmuUip le apertures formed in the first air flow 
path plate, and so that at least part of points of intersection of the lattice of the first air 
flow path plate is coincident with center points of the fiktrat muUip le apertures formed 
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in the first oxygen electrode plate, with the first air channel being formed 
therebetween, whereas the second oxygen electrode plate and the second air flow path 
plate are arrayed so that at least part of points of intersection of the lattice of the 
second oxygen electrode plate is coincident with center points of the ^Iwa^ niultip le 
5 apertures formed in the second air flow path plate, and so that at least part of points of 
intersection of the lattice of the lattice of the second air flow path plate is coincident 
with center points of the fihm ^nmUiplc apertures formed in the second oxygen 
electrode plate, with the second air chaimel being formed therebetween. By such 
configuration, the oxygen gas may be efficiently and evenly contacted with the oxygen 
10 electrode to improve the power generating efficiency. 

A thickness of each of the first air flow path plate and the second air flow path 
plate is from 0.01 mm to 0.5 mm. A thickness of each of the first oxygen electrode 
plate and the second oxygen electrode plate is firom 0.01 mm to 1 mm. 



15 of a material selected from the group consisting of polycarbinate, acrylic resin, 
ceramics, carbon, hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, 
iron, silver, gold, platinum, tantalum and titanium. 

The first and second oxygen electrode plates are each formed of a material 
selected from the group consisting of hastelloy, stainless steel, nickel, molybdenum, 

20 copper, aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof 



plwcjl-i-t vniinibej' of apertures isarc formed by a lattice, on the opposite side of the first 
air flow path plate with respect to the first oxygen electrode plate, and a second 

25 module retention plate in which a i»l-uFa44t vnumbcr of apertures isarc formed by a 
lattice, on the opposite side of the second air flow path plate with respect to the second 
oxygen electrode plate. The first module retention plate and the first air flow path 
plate are arrayed so that each of the apertures formed in the first module retention plate 
passes through the apertures formed in the first air flow path plate, whereas the second 

30 module retention plate and the second air flow path plate are arrayed so that each of 
the apertures formed in the second module retention plate passes through the apertures 
formed in the second air flow path plate. 



The first air flow path plate and the second air flow path plate are each formed 
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By such configuration, air can be evenly supplied to the first air flow channel, 
formed between the first air flow path plate and the first oxygen electrode plate fi*om 
the p4wa4 multiplc apertures provided in the first module retention plate, while air can 
also can be evenly supplied to the second air flow channel, formed between the second 
air flow path plate and the second oxygen electrode plate fi"om the plumt mulliplc 
apertures provided in the second module retention plate, so that the oxygen gas may be 
efficiently contacted with the oxygen electrode to improve the efficiency in generating 
the electrical energy. 

With the electrical energy generating device according to the present invention, 
the first module retention plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first module retention plate is 
within the inside of the fikmtt mulliplc apertures formed in the first air flow path plate, 
and so that at least part of points of intersection of the lattice of the first air flow path 
plate is within the p k t r a knultjpjc apertures formed in the first module retention plate, 
whereas the second module retention plate and the second air flow path plate are 
arrayed so that at least part of points of intersection of the lattice of the second module 
retention plate is within the inside of the i>tural multiplc apertures formed in the second 
air flow path plate, and so that at least part of points of intersection of the lattice of the 
second air flow path plate is within the i>kH ^mulliplc apertures formed in the second 
module retention plate. 

By such configuration, the apertures of the first module retention plate, the 
points of intersection of the lattice of which are within the inside of the f>ktra4 multiple 
apertures formed in the first air flow path plate, communicate with the four apertures 
formed in the first air flow path plate, the apertures of the first air flow path plate, the 
points of intersection of the lattice of which are within the inside of the plwat multiplc 
apertures formed in the first module retention plate, communicate with the four 
apertures formed in the first module retention plate, the apertures of the second module 
retention plate, the points of intersection of the lattice of which are within the inside of 
the filwal multiplc apertures formed in the second air flow path plate, communicate 
with the four apertures formed in the second air flow path plate, and the apertures of 
the second air flow path plate, the points of intersection of the lattice of which are 
within the inside of the pfamt multip lc apertures formed in the second module retention 
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plate, communicate with the four apertures formed in the second module retention 
plate. The result is that air can be evenly supplied from the fihtra4 multip lc apertures 
provided in the first module retention plate to the first air channel formed between the 
first air flow path plate and the first oxygen electrode plate, while air can be evenly 
supplied from the t>lHral multiplc apertures provided in the second module retention 
plate to the second air channel formed between the second air flow path plate and the 
second oxygen electrode plate, so that the oxygen can be efficiently contacted with the 
oxygen electrode to improve the efficiently in generating the electrical energy. 

It should be noted that at least part of the fikm^r lmultiplc apertures formed in the 
first module retention plate are formed to substantially a circular shape, whereas at 
least part of the pkira lmultipic apertures formed in the second module retention plate 
are formed to substantially a circular shape. 

Additional features and advantaucs of the prcsciu invention arc described in, 
and will be apparent from, the followinu Detailed description of the Invention and the 
Fiii^urcs. 

r^pparerH- -fmm-H=exHrhng-4he-~eHrt>ed4+Bent^ -^^^ as-~sho\w-4tv-the 
drawings: 

BRIHF DESCRIPTION OF THF FIGURHS 
Brief I^ese rip t i on o Tlhc Drawmgs 

Fig.l is a schematic plan view showing a hydrogen electrode plate of a first 
unit electrical energy generating device constituting an electrical energy generating 
device according to the present invention. 

Fig.2 is a schematic plan view showing a hydrogen gas flow path plate of the 
first unit electrical energy generating device constituting an electrical energy 
generating device according to the present invention. 

Fig.3 is a schematic bottom plan view of a layered product obtained on 
laminating the first hydrogen electrode plate on the hydrogen electrode plate. 

Fig.4 is a schematic cross-sectional view taken along line IV to IV of Fig.3, 

Fig. 5 is a schematic plan view showing a first oxygen electrode plate of a first 
unit cell forming the electrical energy generating device according to the present 
invention. 
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Fig.6 is a schematic plan view showing the first air flow path plate of the first 
unit electrical energy generating device first constituting an electrical energy 
generating device according to the present invention. 

Fig. 7 is a bottom plan view of a layered product on laminating the first air flow 
path plate on the first oxygen electrode plate.. 

Fig. 8 is a plan view showing a module retention plate of the first unit electrical 
energy generating device constituting an electrical energy generating device according 
to the present invention. 

Fig.9 is a schematic bottom plan view showing a layered product formed on 
tightly contacting the first module retention plate to the first air flow path plate. 

Fig. 10 is a schematic cross-sectional view taken along line X-X of Fig.9. 

Fig. 1 1 is a schematic cross-sectional view showing the state of communication 
between an aperture formed in the first hydrogen gas flow path plate of the first unit 
cell forming the electrical energy generating device according to the present invention 
and an aperture formed in the first hydrogen electrode plate and the state of 
communication between an aperture formed in the oxygen electrode plate, an aperture 
formed in the air flow path plate and an aperture formed in a first module retention 
plate according to the present invention. 

Fig. 1 2 is a longitudinal cross-sectional view of the electrical energy generating 
device according to the present invention, showing the state of communication 
between respective constituent elements of the electrical energy generating device. 

Fig. 13 is a schematic longitudinal cross-sectional view of the electrical energy 
generating device according to the present invention. 

Fig. 14 is a schematic plan view of a water absorbing sheet. 

DETAILED DESCRIPTION OF THE INVENTION 
Best Mode tor Currying ou t th e In v entio n 

Refeiri n g to the drawings, prorcrr o d embodiments of the e l ectrical ener ^ 
generatin g dovico ac cording to the p resent in vention a re explain e d in d e tail. 

An electrical energy generating device according to the present invention 
includes a first hydrogen electrode plate 1 configured as shown in Fig.l. This first 
hydrogen electrode plate 1 is formed by a substantially square-shaped plate member 
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formed of a stainless steel. The thickness of the plate member forming the hydrogen 
electrode plate 1 is set to 0.01 mm to 1.0 mm. 

Referring to Fig.l, the hydrogen electrode plate 1 is formed by a lattice 4 
having a regular array of 13 square-shaped apertures 2 and eight triangular apertures 3. 
5 The eight triangular apertures 3 are arranged on the periphery, whereas, of the 13 
square-shaped apertures 2, the central aperture 2 is formed in coincidence with the 
center point of the first hydrogen electrode plate 1 . 

In Fig.l, A to H are pins for connection across the electrodes, and are formed 
each to a rectangular shape. 

1 0 A hydrogen gas flow path plate 6 of the first unit electrical energy generating 

device constituting the electrical energy generating device according to the present 
invention is formed by a substantially square-shaped plate member formed of 
polycarbonate, as shown in Fig.2. In the present embodiment, the thickness of the 
plate member forming the hydrogen gas flow path plate 6 is set to 0.1 mm to 0.5 mm. 

15 However, the plate member having a thickness of 0.1 mm to 1.0 mm may be used for 
forming the hydrogen gas flow path plate 6. 

In one end of the hydrogen gas flow path plate 6 is formed a first cut-out 7 
forming a hydrogen gas supplying unit, whereas, in the opposite end thereof, a second 
cut-out 8 forming a hydrogen gas ejection unit is formed, as shown in Fig.2. In the 

20 hydrogen gas flow path plate 6, there are formed 12 square-shaped apertures 9 to the 
same size by a lattice 10. Of the 12 square-shaped apertures 9, the square-shaped 
aperture 9 communicating with the first cut-out 7 and three square-shaped apertures 9 
neighboring thereto have respective top comer portions cut out to provide for 
communication of the respective apertures with one another, so that a sole aperture 14 

25 is formed by the four square-shaped apertures 9. 

Referring to Figs.l and 2, the square-shaped aperture 2 formed in the hydrogen 
electrode plate 1 and the square-shaped aperture 9 formed in the hydrogen gas flow 
path plate 6 are substantially of a same shape and size. The square-shaped aperture 2, 
formed centrally of the hydrogen electrode plate 1, has its center PI formed in 

30 coincidence with the center point of the hydrogen electrode plate 1, while no aperture 
is formed centrally of the hydrogen gas flow path plate 6, but the square-shaped 
apertures 9 are formed in the hydrogen gas flow path plate 6 so that a point of 
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intersection 11 of the lattice 10 forming the four centrally located square-shaped 
apertures 9 is in coincidence with the center PI of the hydrogen gas flow path plate 6. 

In the hydrogen gas flow path plate 6, four square- shaped apertures 12 of 
smaller size and eight rectangular apertures 13 are formed by the lattice 10, as shown 
5 in Fig.2. Of the eight rectangular apertures 13, the two rectangular apertures 13, 
neighboring to the first cut-out 7, communicate with each other, while the sides thereof 
neighboring to the first cut-out 7 are cut out to provide for communication with the 
first cut-out 7. On the other hand, the rectangular aperture 13 neighboring to the 
second cut-out 8 has its side neighboring to the second cut-out 8 cut out to provide for 

10 communication with the second cut-out 8. 

On the hydrogen gas flow path plate 6 is superposed the hydrogen electrode 
plate 1, as shown in the bottom plan view of Fig,3, to constitute a layered assembly. 
Fig.4 is a schematic cross-sectional view taken along line IV-IV of Fig.3. 

The hydrogen gas flow path plate 6 is superposed on and tightly contacted to 

15 the hydrogen electrode plate 1, so that, when the hydrogen electrode plate 1 is 
superposed on the hydrogen gas flow path plate 6, the points of intersection 15 of the 
lattice 4 forming the square-shaped apertures 2 and the triangular apertures 3 of the 
hydrogen electrode plate lare in coincidence with the center point of the square- 
shaped apertures 9 formed in the hydrogen gas flow path plate 6, and so that the points 

20 of intersection 16 of the lattice 10 forming the small-sized square- shaped apertures 12 
and the rectangular apertures 13 of the hydrogen gas flow path plate 6 are in 
coincidence with the center point of the square-shaped aperture 2 formed in the 
hydrogen electrode plate 1, as shown in Fig.3. 

The result is that, as shown in Fig.3, the square-shaped apertures 2 formed in 

25 the hydrogen electrode plate 1 , except the square-shaped aperture 2 at an upper end in 
Fig.l, communicate with the square-shaped apertures 9, small-sized square-shaped 
apertures 12 and with four of the rectangular apertures 13 formed in the hydrogen gas 
flow path plate 6. In Fig.l, only the square-shaped aperture 2 located at the upper end 
is in communication with the two neighboring square-shaped apertures 9 formed in the 

30 hydrogen gas flow path plate 6 and with two rectangular apertures 13 communicating 
with each other and with the first cut-out 7. 
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Each of the triangular apertures 3 formed in the hydrogen electrode plate 1 
communicates with the square-shaped aperture 9 and with the rectangular apertures 13 
formed in the hydrogen gas flow path plate 6, as shown in Fig.3. 

The square-shaped apertures 9 formed in the hydrogen gas flow path plate 6 
5 communicate with the square-shaped apertures 2 and four of the triangular apertures 3 
formed in the hydrogen electrode plate 1, while the small-size square-shaped apertures 
12 formed in the hydrogen gas flow path plate 6 communicate with one of the square- 
shaped apertures 2 formed in the hydrogen electrode plate 1. The rectangular 
apertures 13 formed in the hydrogen gas flow path plate 6, except the two rectangular 
10 apertures 13 communicating with each other and with the first cut-out 7, communicate 
with both the square-shaped apertures 2 and the triangular apertures 3 formed in the 
hydrogen electrode plate 1. The two rectangular apertures 13, formed in the hydrogen 
gas flow path plate 6 and which are in communication with each other and with the 
first cut-out 7, communicate with one square-shaped aperture 2 and with the two 
15 triangular apertures 3 formed in the hydrogen electrode plate 1 . 

The electrical energy generating device according to the present invention is 
made up of first and second unit cells, as are explained subsequently. The hydrogen 
gas flow path plate 6 is used as a component common to the first and second unit cells. 
These first and second unit cells are plane-symmetrical, that is of the identical layer 
20 structure, with respect to the hydrogen gas flow path plate. The first hydrogen 
electrode plate 1 is tightly contacted to one surface of the hydrogen gas flow path plate 
6, while a second hydrogen electrode plate, not shown, is tightly contacted to the 
opposite side surface of the hydrogen gas flow path plate 6. 

Thus, the apertures 9, 12, 13 of the hydrogen gas flow path plate 6 are closed 
25 by the first hydrogen electrode plate 1 and by the second hydrogen gas flow path plate. 
A hydrogen gas supply unit 17 is formed by the second hydrogen electrode plate, 
hydrogen gas flow path plate 6 and by the first hydrogen electrode plate 1, while a 
hydrogen gas ejection unit 19 is formed by the second hydrogen electrode plate, 
hydrogen gas flow path plate 6, the first hydrogen electrode plate 1 and by the second 
30 cut-out 8 of the hydrogen gas flow path plate 6. 
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The hydrogen gas supply unit 17 is connected to a hydrogen gas supply source, 
not shown, having a hydrogen occlusive material, such as a hydrogen occlusive 
carbonaceous material or a hydrogen occlusive alloy. 

The first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6 are 
5 tightly contacted to each other, as shown in Fig. 3, while the second hydrogen plate is 
tightly contacted to the side of the hydrogen gas flow path plate 6 opposite to its side 
carrying the first hydrogen electrode plate 1. Thus, the hydrogen gas, supplied from 
the hydrogen gas supplying unit 17 into the inside of the electrical energy generating 
device, first flows through the rectangular apertures 13 formed in the hydrogen gas 

10 flow path plate 6 into the square-shaped aperture 2 and two triangular apertures 3, 
formed in the hydrogen electrode plate 1, then flows from the square-shaped aperture 2 
formed in the hydrogen electrode plate 1 into two neighboring square-shaped apertures 
9 formed in the hydrogen gas flow path plate 6, and from the triangular apertures 3 
formed in the hydrogen electrode plate 1 into the square-shaped apertures 9 formed in 

15 the hydrogen gas flow path plate 6, as indicated by arrow x in Fig.4. 

The hydrogen gas supplied into the square-shaped aperture 9 formed in the 
hydrogen gas flow path plate 6 further flows into the two neighboring square-shaped 
apertures 2 formed in the hydrogen electrode plate 1. The hydrogen gas supplied to 
the neighboring square-shaped apertures 2 formed in the hydrogen electrode plate 1 

20 flows into two neighboring square-shaped apertures 9 formed in the hydrogen gas flow 
path plate 6 and into the small-sized square-shaped apertures 12 formed in the 
hydrogen gas flow path plate 6 or into the two neighboring square-shaped apertures 9 
formed in the hydrogen gas flow path plate 6. 

So, the hydrogen gas, supplied from the hydrogen gas supplying unit 17 into 

25 the inside of the electrical energy generating device, flows through a space between 
the first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6, as it is 
spread two-dimensionally, until it is ejected through the hydrogen gas ejection unit 19 
to outside the electrical energy generating device. Thus, the hydrogen gas can be 
brought efficiently into contact with the hydrogen electrode plate 1 . 

30 A first oxygen electrode plate 21 of the first unit electrical energy generating 

device, forming the electrical energy generating device of the present invention, is 
formed in the same way as the hydrogen electrode plate 1, as shown in Fig.5, and is 
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formed by a substantially square-shaped plate member of stainless steel. It is noted 
that the plate member forming the oxygen electrode plate 21 is set to a thickness of 
0.01 mm to 1.0 mm. 

In the oxygen electrode plate 21, there are formed 13 square-shaped apertures 
5 22 and eight triangular apertures 23 in a regular array by a lattice 24, as shown in 
Fig.5. The triangular apertures 23 are formed in the peripheral area, whereas, of the 13 
square-shaped apertures 22, arranged in a mid portion of the oxygen electrode plate 21, 
the central aperture 22 has its center in meeting with the center point of the first 
oxygen electrode plate 21. 
10 In Fig.5, A to H are electrode interconnecting pins and are each in a rectangular 

shape. 

A first air flow path plate 26 of the first unit electrical energy generating 
device, forming the electrical energy generating device according to the present 
invention, is formed by a substantially square-shaped plate member of polycarbonate, 

15 and has cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, at two positions in each side of 
the plate member, as shown in Fig.6. The objective of forming the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d at the two positions in each side of the air flow path plate 
26 is to facilitate air intake from the peripheral portions of the air flow path plate 26. 
The plate member forming the air flow path plate 26 is set to a thickness of 0.01 m to 

20 0.5 mm. 

The air flow path plate 26 is formed with 1 6, square-shaped apertures 29, as 
shown in Fig.6. The square-shaped aperture 22 formed in the oxygen electrode plate 
21 and the square-shaped aperture 29 formed in the air flow path plate 26 are of the 
same size, with the square-shaped aperture 22 formed in the mid portion of the oxygen 

25 electrode plate 21 having its center in coincidence with the center point of the first 
oxygen electrode plate 21. However, no aperture i^are provided in the center point of 
the air flow path plate 26, but the 16 square-shaped apertures 29 are formed in the air 
flow path plate 26 so that a point of intersection 3 1 of the square-shaped apertures of 
the lattice 30 forming the four square-shaped apertures 29 formed at the mid portion of 

30 the plate member are coincident with the center point of the first air flow path plate 26. 
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On the oxygen electrode plate 21 is superposed the first air flow path plate 26, 
as shown in the bottom plan view of Fig. 7, to form a layered assembly, as shown in 
Fig,7. 

Referring to Fig.7, the air flow path plate 26 is superposed on and tightly 
5 contacted to the oxygen electrode plate 21, so that the points of intersection 35 of the 
lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of the 
first oxygen electrode plate 21 are coincident with the center point of the square- 
shaped apertures 29 formed in the air flow path plate 26, and so that the points of 
intersection 36 of the lattice 30 forming the square-shaped apertures 20 formed in the 

10 first air flow path plate 26 are coincident with the center point of the square-shaped 
apertures 22 formed in the oxygen electrode plate 2 1 . 

The result is that the square-shaped apertures 22 formed in the oxygen 
electrode plate 21, except the square-shaped apertures 22 at the upper and lower left 
and right ends, are in communication with the four reciprocally neighboring square- 

15 shaped apertures 29 formed in the air flow path plate 26, while the apertures 29 
positioned at the upper end are in communication with the two neighboring square- 
shaped apertures 29 and the cut-outs 27a, 28a formed in the air flow path plate 26. 
The apertures 29 positioned at the right end communicate with the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27b, 28b formed in the air 

20 flow path plate 26. The apertures 29 positioned at the lower end communicate with 
the two mutually neighboring square-shaped apertures 29 and with the cut-outs 27c, 
28c, formed in the air flow path plate 26, whilsi whjje the apertures 29 positioned at the 
left end communicate with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27d, 28d formed in the first air flow path plate 26. 

25 Moreover, the triangular apertures 23 formed in the oxygen electrode plate 21 

are in communication with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the air flow path 
plate 26. 

Of the square-shaped apertures 29, formed in the air flow path plate 26, the 
30 four apertures 29 formed at the mid portions of the air flow path plate 26 communicate 
with four mutually neighboring square-shaped apertures 22 formed in the oxygen 
electrode plate 21. The four square-shaped apertures 29 at the four comers in Fig.6 are 
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in communication with the one square-shaped aperture 22 and with two triangular 
apertures 23, formed in the oxygen electrode plate 21, with the remaining square- 
shaped apertures 29 formed in the first air flow path plate 26 being in communication 
with the three neighboring square-shaped apertures 22 and with the two triangular 
5 apertures 23 formed in the first oxygen electrode plate 21. 

On the other hand, the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, formed 
in the air flow path plate 26, are each in communication with the one square-shaped 
aperture 22 and with one triangular aperture 23 formed in the oxygen electrode plate 
21. 

10 A first module retention plate 40 of the first unit cell forming the electrical 

energy generating device of the present invention is rectangular in profile, as shown in 
Fig. 8, and is formed with 21 circular apertures 41 in a regular array. Each circular 
aperture 41 has a small-diameter portion 41a and a tapered portion 41b, having its 
inner wall section tapered so that its diameter is increased progressively. The first 

15 module retention plate 40 is mounted on the air flow path plate 26 in tight contact 
therewith so that the tapered portion 41b are positioned towards the air flow path plate 
26. 

The first module retention plate 40 is superposed on and tightly contacted to 
the first air flow path plate 26 to form a layered assembly, as shown in the bottom plan 

20 view of Fig,9, Fig. 10 shows a cross-sectional view taken along line X-X in Fig.9. 

Referring to Figs. 9 and 10, the first module retention plate 40 is tightly 
contacted to the first air flow path plate 26 so that the center points of the circular 
apertures 41 formed in the first module retention plate 40 are coincident with the 
points of intersection 36 of the lattice 30 forming the square-shaped apertures 29 of the 

25 first air flow path plate 26 and so that the points of intersection 43 of a lattice 42 
forming the circular apertures 41 of the module retention plate 40 are coincident with 
the center points of the square-shaped apertures 29 formed in the first air flow path 
plate 26. 

The result is that, as shown in Fig.9, of the circular apertures 41 formed in the 
30 module retention plate 40, the nine centrally located apertures 41 communicate with 
the reciprocally neighboring four square-shaped apertures 29 formed in the first air 
flow path plate 26. 
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Referring now to Fig. 10, the circular aperture 41 located at the upper mid 
portion communicates with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, formed in the first air flow path plate 26, whilst whilc the 
circular aperture 41 located at the right mid portion communicates with the two 
mutually neighboring square-shaped apertures 29 and the cut-outs 27d, 28d, formed in 
the first air flow path plate 26, with the circular aperture 41 located at the lower mid 
portion communicating with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27c, 28c, formed in the air flow path plate 26, and with the circular 
aperture 41 located at the left mid portion communicating with the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27b, 28b, formed in the first 
air flow path plate 26. 

Referring to Fig.9, the remaining circular apertures 41, formed in the first 
module retention plate 40, communicate with the two mutually neighboring square- 
shaped apertures 29 and with the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d 
formed in the first air flow path plate 26. 

Fig. 11 shows a schematic cross-sectional view showing the state of 
communication between the apertures 9, 12 and 13, formed in the hydrogen gas flow 
path plate 6, and the apertures 2, 3, formed in the hydrogen electrode plate 1, in the 
electrical energy generating device according to the present invention, and the state of 
communication between the apertures 22, 23 formed in the oxygen electrode plate 21, 
the apertures 29 formed in the air flow path plate 26 and the apertures 41 formed in the 
module retention plate 40. 

Referring to Fig. 11, the unit electrical energy generating device forming the 
electrical energy generating device according to the present invention includes a 
hydrogen gas flow path plate 6, a hydrogen electrode plate 1, a proton conductor film 
45 through which protons yielded on dissociation of hydrogen supplied to the 
hydrogen electrode plate 1 can be permeated, under the action of a catalyst contained 
in the hydrogen electrode plate 1, an oxygen electrode plate 21, a first air flow path 
plate 26 and a first module retention plate 40, layered in this order. 

Specifically, the first hydrogen electrode plate 1 is tightly contacted with and 
secured to the hydrogen gas flow path plate 6. 
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The first proton conductor film 45 then is layered on and tightly contacted to 
the first hydrogen electrode plate 1, while the first oxygen electrode plate 21 is layered 
on and tightly contacted to the first proton conductor film 45. 

The first air flow path plate 26 is also tightly contacted and layered onto the 
first oxygen electrode plate 21, while the first module retention plate 40 is tightly 
contacted and layered onto the first air flow path plate 26. 

The peripheral portions of the first proton conductor film 45 are sealed with a 
sealing member 46, as shown in Fig. 1 1 . 

With the electrical energy generating device of the present invention, 
constructed as described above, the hydrogen gas, supplied from the hydrogen gas 
supplying unit 17 into the inside of the electrical energy generating device, flows 
through a space between the first hydrogen electrode plate 1 and the hydrogen gas 
flow path plate 6, as it is spread two-dimensionally, and as it repeatedly contacts the 
hydrogen electrode plate 1, as described above, until it is ejected through the hydrogen 
gas ejection unit 19 to outside the first unit cell. 

The hydrogen supplied to the hydrogen electrode plate 1 is dissociated into 
protons and electrons, by the action of the catalyst contained in the first hydrogen 
electrode plate 1, with the electrons being absorbed by the first hydrogen electrode 
plate 1 and with the protons being sent through the first proton conductor film 45 to 
the first oxygen electrode plate 26. The electrons absorbed by the hydrogen electrode 
plate 1 are sent through a load, not shown, to the first oxygen electrode plate 26. 

There is supplied air linto the inside of the first unit cell, through each of the 
circular apertures 41 formed in the module retention plate 40, as indicated by arrow Y 
in Fig. 1 1 . 

The air supplied to the nine apertures 41, formed in a mid portion of the 
module retention plate 40, flows into four reciprocally neighboring square-shaped 
apertures 29 formed in the first air flow path plate 26. 

In Fig. 10, the air supplied to the circular aperture 41 formed at an upper mid 
portion flows into two mutually neighboring square-shaped apertures 29 and the cut- 
outs 27a, 28a formed in the first air flow path plate 26, whilsl vvhile the air supplied to 
the circular aperture 41 formed at the mid left end portion flows into two mutually 
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neighboring square-shaped apertures 29 and into the cut-outs 27b, 28b formed in the 
first air flow path plate 26. 

Also, in Fig. 10, the air supplied to the circular aperture 41 formed at a lower 
mid portion flows into two mutually neighboring square-shaped apertures 29 and the 
cut-outs 27c, 28c, formed in the first air flow path plate 26, whilst whilc the air 
supplied to the circular aperture 41 formed at a mid right end portion flows into two 
mutually neighboring square-shaped apertures 29 and the cut-outs 27d, 28d formed in 
the air first flow path plate 26. 

The air supplied to the remaining circular apertures 41 formed in the module 
retention plate 40 flows into two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path 
plate formed in the first air flow path plate 26. 

That is, of the air flowing into the square-shaped apertures 29 formed in the 
first air flow path plate 26, the air flowing into the four apertures 29 in the mid portion 
flows into four reciprocally neighboring apertures 22 formed in the first oxygen 
electrode plate 21, whilst whilc the air flowing into the four mutually neighboring 
square-shaped aperture 29 at the four comers in Fig.6 flows into one square-shaped 
aperture 22 and into two triangular apertures 23 formed in the first oxygen electrode 
plate 21. 

On the other hand, the air flowing into the remaining square-shaped apertures 
29 formed in the first air flow path plate 26 flows into reciprocally neighboring three 
square-shaped apertures 22 and into two triangular apertures 23 formed in the first 
oxygen electrode plate 21. 

The air flowing into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed 
in the first air flow path plate 26 flows into one square-shaped aperture 22 and into one 
triangular aperture 23 formed in the first oxygen electrode plate 21. 

The air also flows fi-om the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d 
formed in two positions in each side of the first air flow path plate 26 into the square- 
shaped apertures 22 and into the triangular apertures 23 formed in the first oxygen 
electrode plate 2 1 . 

In this manner, the air is supplied through the apertures 41 formed in the first 
module retention plate 40 for med in the first modul o retention plute 4 0 into the 
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aperture 29 and into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, formed in the 
first air flow path plate 26, while being supplied from the cut-outs 27a, 28a, 27b, 28b, 
27c, 28c, 27d, 28d, formed in two positions in each side of the first air flow path plate 
26, into the square-shaped apertures 22 and into the triangular apertures 23 formed in 
the first oxygen electrode plate 21. 

The result is that oxygen contained in the air is absorbed in the first hydrogen 
electrode plate 1 and is combined with electrons routed to the first oxygen electrode 
plate 21 through a load, not shown, and with protons routed to the first oxygen 
electrode plate 26 through the proton conductor film 45, thus jdelding water. 

So, the electromotive force is produced across the hydrogen electrode plate 1 
and the first oxygen electrode plate 26 to cause current to flow in the load. 

Fig. 12 shows a modification of the electrical energy generating device 
according to the present invention. Fig. 12 is a cross-sectional view showing a 
modification of the present invention and shows the state of communication between 
the respective components making up the electrical energy generating device. 

Referring to Fig. 12, the electrical energy generating device of the present 
embodiment i^-eofT^firfsed-ef- includcs a first unit cell 51 and a second unit cell 52, 
layered together. 

Referring to Fig. 12, the first unit cell 51 includes a hydrogen gas flow path 
plate 6, a first hydrogen electrode plate 1, a first proton conductor film 45, an first 
oxygen electrode plate 21, a first air flow path plate 26 and a first module retention 
plate 40, layered in this order from below, wMls4: \vhi1c the second unit cell 52 includes 
a hydrogen gas flow path plate 6, a second hydrogen electrode plate 60, a second 
proton conductor film 61, a second oxygen electrode plate 62, a second air flow path 
plate 63 and a second module retention unit 64, layered in this order from above. In 
Fig. 12, 65 denotes a sealing member. 

In the present electrical energy generating device, the second hydrogen 
electrode plate 60, second proton conductor film 61, second oxygen electrode plate 62, 
second air flow path plate 63 and the second module retention unit 64, forming the 
second unit cell 52, are formed in the same way as the first hydrogen electrode plate 1, 
first proton conductor film 45, first oxygen electrode plate 21, first air flow path plate 
26 and the first module retention plate 40 making up the first unit cell 51. The second 
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hydrogen electrode plate 60, second proton conductor film 61, second oxygen 
electrode plate 62, second air flow path plate 63 and the second module retention unit 
64 are layered together so that the relative disposition of the second hydrogen 
electrode plate 51 and the hydrogen gas flow path plate 6, the relative disposition of 
the first oxygen electrode plate 53 and the second air flow path plate 54 and the 
relative disposition of the second air flow path plate 54 and the second module 
retention plate 55 are the same as the relative disposition of the first hydrogen 
electrode plate 1 and the hydrogen gas flow path plate 6, the relative disposition of the 
first oxygen electrode plate 21 and the first air flow path plate 26 and the relative 
disposition of the first air flow path plate 26 and the first module retention plate 40, in 
the first unit cell 5 1 , respectively. 

In the present embodiment of the electrical energy generating device, the first 
and second unit cells 51, 52 can be coupled to each other in an optional fashion to 
form an electrical energy generating device by selectively severing or leaving intact 
the pins A to H for electrode interconnection formed in the first and second oxygen 
electrode plates 21, 62 and in the hydrogen electrode plates 1, 60. 

If the pins A to H for electrode interconnection, formed in the first and second 
oxygen electrode plates 21, 62 and in the hydrogen electrode plates 1, 60 are to be 
selectively severed or left intact, as shown in the following Table 



Table 1 
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the first and second unit cells 51, 52 are connected in series with each other. 

In Table 1, [0] denotes that the relevant pin for electrode interconnection is left 
intact without cutting. 

That is, in the first oxygen electrode plate 21 forming the first unit cell 51, the 
pin for electrode interconnection E only is left, with the pins for electrode 
interconnection A, B, C, D, F, G and H being severed, whereas, in the second oxygen 
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electrode plate 60 forming the second unit cell 52, the pins C, D and E for electrode 
interconnection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E formed in the first oxygen 
electrode plate 21 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode interconnection E formed in the second hydrogen electrode plate 60 forming 
the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection E formed in the second hydrogen electrode plate 60. 

As a result, the first and second unit cells 51, 52 are connected in series with 
each other. 

On the other hand, in the first hydrogen electrode plate 1 forming the first unit 
cell 51, the pins for electrode interconnection A, C and D are left, with the pins for 
electrode interconnection B, E, F, G and H being severed, whereas, in the second 
oxygen electrode plate 62 forming the second unit cell 52, only the pin -for electrode 
interconnection B is left, with the pins for electrode interconnection A, C, D, E, F, G 
and H being severed. The pin for electrode interconnection A, formed in the first 
hydrogen electrode plate 1, forming the first unit cell 51, and the pin for electrode 
interconnection B, formed in the second oxygen electrode plate 62, forming the second 
unit cell 52, are separately coupled to outputs. 

If the pins for electrode interconnection A to H formed in the first oxygen 
electrode plate 21 or 62, first hydrogen electrode plate 1 and in the second hydrogen 
electrode plate 60 are selectively severed or left intact, as shown in Table 2~ 
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electrodes 


A 


B 


C 


D 


E 


F 


G 


H 


21 












0 






1 


0 




0 


0 


0 








60 






0 


0 


0 








62 




0 








0 







the first and second unit cells 51, 52 are connected in parallel with each other. 

That is, in the first oxygen electrode plate 21, forming the first unit cell51, the 
pin for electrode interconnection F measly is left, with the pins for electrode 
interconnection A, B, C, D, E, G and H being severed, whereas, in the second oxygen 
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electrode plate 62 forming the second unit cell 52, the pins B and F for electrode 
interconnection are left, with the pins for electrode interconnection A, C, D, E, G and 
H being severed. The pin for electrode interconnection F formed in the first oxygen 
electrode plate 21 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode interconnection F formed in the second oxygen electrode plate 62 forming 
the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection F formed in the first oxygen electrode plate. 

Also, in the first hydrogen electrode plate 1, forming the first unit cell 51, the 
pins for electrode interconnection A, C, D and E are left, with the pins for electrode 
interconnection B, F, G and H being severed, whereas, in the second hydrogen 
electrode plate 60 forming the second unit cell 52, the pins C, D and E for electrode 
interconnection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E formed in the first hydrogen 
electrode plate 1 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode interconnection E formed in the second hydrogen electrode plate 60 forming 
the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection E formed in the first hydrogen electrode plate. 

The result is that the first and second unit cells 51, 52 are connected in parallel 
with each other. 

The pin for electrode interconnection A formed in the first hydrogen electrode 
plate 1 forming the first unit cell 51 and the pin for electrode interconnection B formed 
in the second oxygen electrode plate 62 forming the second unit cell 5 2 are separately 
coupled to outputs. 

In the first unit cell 51, forming the present embodiment of the electrical 
energy generating device, the hydrogen gas flow path plate 6 is stacked on the first 
hydrogen electrode plate 1 so that the points of intersection 15 of the lattice 4 forming 
the square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 
plate 1 are in coincidence with the center points of the square-shaped apertures 9 
formed in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the latfice 10 forming the small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas flow path plate 6 are in coincidence with 
the center points of the square-shaped aperture 2 formed in the hydrogen electrode 
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plate L The result is that the square-shaped apertures 9 formed in the hydrogen gas 
flow path plate 6 communicate with the square-shaped apertures 2 and four of the 
triangular apertures 3, formed in the first hydrogen electrode plate 1, and each of the 
small-sized square-shaped apertures 12 communicates with one of the square-shaped 
apertures 2 formed in the hydrogen gas flow path plate 6, while the rectangular 
apertures 13 formed in the hydrogen gas flow path plate 6 communicate with one 
another and, excepting the two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, communicate with both the square-shaped aperture 2 
and two triangular apertures 3 formed in the first hydrogen electrode plate 1 . The two 
rectangular apertures 13, formed in the hydrogen gas flow path plate 6 and which are 
in communication with each other and with the first cut-out 7, communicate with the 
one square-shaped aperture 2 and two of the triangular apertures 3. 

Thus, with the first unit cell 51, forming the electrical energy generating device 
according to the present invention, the hydrogen gas, supplied from the hydrogen gas 
supply unit 17 to each of the square-shaped apertures 9 formed in the hydrogen gas 
flow path plate 6, flows into four of the triangular apertures 3 and the square-shaped 
aperture 2 formed in the first hydrogen electrode plate 1, while the hydrogen gas 
supplied to each of the small-sized square-shaped aperture 12 formed in the hydrogen 
gas flow path plate 6 flows into one of the square-shaped apertures 2 formed in the 
first hydrogen electrode plate 1. The hydrogen gas supplied to the rectangular 
apertures 13, formed in the hydrogen gas flow path plate 6, flows into the square- 
shaped aperture 2 and the triangular apertures 13, formed in the first hydrogen 
electrode plate 1, excepting the two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, while the hydrogen gas, supplied to the two 
rectangular apertures 13 formed in the hydrogen gas flow path plate 6 and 
communicating with each other and with the first cut-out 7, flows into the sole square- 
shaped aperture 2 and into the two triangular apertures 3 formed in the first hydrogen 
electrode plate 1 . 

Moreover, in the first unit cell 5 1 according to the present invention, in which 
the first hydrogen electrode plate and the hydrogen gas flow path plate 6 are stacked 
one on another as described above, the square-shaped apertures 2 formed in the first 
hydrogen electrode plate 1, except the square-shaped aperture 2 disposed at an upper 
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end in Fig.l, communicate with the square-shaped aperture 9 formed in the hydrogen 
gas flow path plate 6, with the small-sized square- shaped aperture 12 and with four of 
the rectangular apertures 13. The square-shaped aperture 2 disposed at the upper end 
in Fig, 1 m easly communicates with two mutually neighboring square-shaped aperture 
9 and with two rectangular apertures 13 communicating with each other and with the 
first cut-out 7, formed in the hydrogen gas flow path plate 6, while the triangular 
apertures 3 formed in the first hydrogen electrode plate 1 communicate with the 
square-shaped apertures 9 and with the rectangular apertures 13, formed in the 
hydrogen gas flow path plate 6, as shown in Fig.3. 

The result is that, in the first unit cell 5 1 of the present invention, the hydrogen 
gas, flowing into the square-shaped apertures 2 formed in the first hydrogen electrode 
plate 1, excluding the square-shaped aperture 2 disposed at the upper end, flows into 
the mutually neighboring square-shaped apertures 9, formed in the hydrogen gas flow 
path plate 6, small-sized square-shaped apertures 12 and into four of the rectangular 
apertures 13 in the hydrogen gas flow path plate 6 mutually neighboring to each other. 
The hydrogen gas, flowing into the square-shaped apertures 2 formed in the upper end 
in Fig.l, flows into two mutually neighboring square-shaped apertures 9 and into the 
two rectangular apertures 13 in the hydrogen gas flow path plate 6 communicating 
with each other and with the first cut-out 7. On the other hand, the hydrogen gas, 
flowing into the triangular apertures 3 formed in the hydrogen gas flow path plate 6, 
flows into the square-shaped apertures 9 and two rectangular apertures 13 formed in 
the hydrogen gas flow path plate 6. 

Thus, with the first unit cell 51, constructed as described above, the hydrogen 
gas, supplied from the hydrogen gas supplying unit 17 into the inside of the electrical 
energy generating device, flows through a space between the first hydrogen electrode 
plate 1 and the hydrogen gas flow path plate 6, as it is spread two-dimensionally, and 
as it repeatedly contacts the hydrogen electrode plate 1, until it is ejected through the 
hydrogen gas ejection unit 19 to outside the first unit cell, as described above. Thus, 
the hydrogen gas is able to contact the first hydrogen electrode plate 1 efficiently thus 
improving the efficiency in generating the electrical energy of the electrical energy 
generating device. 
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With the above-described first unit cell 51, it is only sufficient if the hydrogen 
gas flow path plate 6, carrying the first cut-out 7 forming the hydrogen gas supplying 
unit, the second cut-out 8 forming the hydrogen gas ejection unit, 12 square-shaped 
apertures 9 of the same size as the square-shaped apertures 2 formed in the hydrogen 
5 electrode plate 1, four small-sized square-shaped apertures 12 and eight rectangular 
apertures 13, and the first hydrogen electrode plate 1, carrying 13 square-shaped 
apertures 2 and eight triangular apertures 3, formed by lattices in a regular array, are 
stacked together so that the points of intersection 15 of the lattice 4 forming the 
square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 

10 plate 1 are in coincidence with the center points of the square-shaped apertures 9 
formed in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the lattice 10 forming the small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas flow path plate 6 are in coincidence with 
the center points of the square-shaped aperture 2 formed in the hydrogen electrode 

15 plate 1. Thus, assembling operations may be facilitated, while the hydrogen gas may 
be routed by a simplified structure into contact with the first hydrogen electrode plate 
1 to provide an electrical energy generating device capable of improving the efficiency 
in generating the electrical energy. 

Moreover, in the first unit cell 5 1 according to the present invention, the first 

20 module retention plate 40 is tightly contacted to the first air flow path plate 26 so that 
the center point of each circular aperture 41 formed in the first module retention plate 

40 coincides with a point of intersection 36 of the lattice 30 forming the square-shaped 
apertures 29 of the first air flow path plate 26, as a result of which the nine apertures 

41 at a mid portion of the module retention plate 40, among the square-shaped 
25 apertures 41 formed in the module retention plate 40, communicate with the four 

mutually neighboring square-shaped apertures 29, formed in the first air flow path 
plate 26, the circular aperture 41 disposed at an upper mid portion in Figs.8 and 10 
communicates with the two mutually neighboring square-shaped apertures 29 and with 
the cut-outs 27a and 28a formed in the first air flow path plate 26, the circular aperture 
30 41 at the mid right end communicates with the two mutually neighboring square- 
shaped apertures 29 and cut-outs 27b, 28b, formed in the first air flow path plate 26, 
the circular aperture 41, formed at a lower mid end, communicates with the two 
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mutually neighboring square-shaped apertures 29 and cut-outs 27c, 28c formed in the 
first air flow path plate 26, and the circular aperture 41 at the mid left end 
communicates with two mutually neighboring square-shaped apertures 29 and cut-outs 
27d, 28d formed in the first air flow path plate 26, as shown in Fig. 10. Moreover, the 
other circular apertures 41, formed in the first module retention plate 40, communicate 
with two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a, 27b, 
28b, 27c, 28c, 27d or 28d, formed in the first air flow path plate 26, as similarly shown 
in Fig. 10. 

Thus, with the present first unit cell 51, the air supplied to the nine apertures 41 
at a mid portion of the first module retention plate 40 flows into the four mutually 
neighboring square-shaped apertures 29 formed in the first air flow path plate 26, the 
air supplied to the circular aperture 41 at the upper mid end in Figs.8 and 10 flows into 
two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a formed in 
the first air flow path plate 26, the air supplied to the circular aperture 41 at a right mid 
portion flows into the two mutually neighboring square-shaped apertures 29 and cut- 
outs 27b, 28b formed in the first air flow path plate 26, the air supplied to the circular 
aperture 41 at the lower mid end in Figs.8 and 10 flows into two reciprocally 
neighboring square-shaped apertures 29 and cut-outs 27c, 28c formed in the first air 
flow path plate 26, and the air supplied to the circular aperture 41 at a left mid portion 
flows into the two mutually neighboring square-shaped apertures 29 and cut-outs 27d, 
28d formed in the first air flow path plate 26. The air supplied to the other circular 
apertures 41 formed in the first module retention plate 40 flow into the two mutually 
neighboring square-shaped apertures 29 and into the cut-outs 27a, 28a, 27b, 28b, 27c, 
28c, 27d or 28d, formed in the first air flow path plate 26. 

In the first unit cell 51, according to the present invention, the first oxygen 
electrode plate 21 and the first air flow path plate 26 are stacked one on another so that 
points of intersection 35 of a lattice 24 forming the square-shaped apertures 22 and the 
triangular apertures 23 of the first oxygen electrode plate 21 are in coincidence with 
the center points of the square-shaped apertures 29 formed in the hydrogen gas flow 
path plate 26, and so that the points of intersection 36 of ths lattice 30 forming the 
square-shaped apertures 29 formed in the hydrogen gas flow path plate 26 are in 
coincidence with the center points of the square-shaped apertures 22 in the first oxygen 
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electrode plate 21. The result is that the square-shaped apertures 22 formed in the first 
oxygen electrode plate 21, except the apertures 29 at upper and lower left and right 
ends in Fig. 5, communicate with the four reciprocally neighboring square-shaped 
apertures 29, formed in the first air flow path plate 26, and the apertures 29 at the 
upper end communicate with the two mutually neighboring square-shaped apertures 29 
and cut-outs 27a, 28a, formed in the first air flow path plate 26, while the apertures 29 
at the right end communicate with the two mutually neighboring square-shaped 
apertures 29 and cut-outs 27b, 28b, formed in the first air flow path plate 26, and the 
apertures 29 at the lower end communicate with the two mutually neighboring square- 
shaped apertures 29 and cut-outs 27c, 28c, formed in the first air flow path plate 26. 
Moreover, the apertures 29 at the left end communicate with the two mutually 
neighboring square-shaped apertures 29 and cut-outs 27d, 28d, formed in the first air 
flow path plate 26, while triangular apertures 23, formed in the first oxygen electrode 
plate 21, communicate with two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, formed in the first air flow path 
plate 26. Of the square-shaped apertures 29, formed in the first air flow path plate 26, 
the four centrally disposed square-shaped apertures 29 communicate with the four 
reciprocally neighboring square-shaped apertures 22 formed in the first oxygen 
electrode plate 21. The four square-shaped apertures 29, disposed at the four comers 
in Fig. 6, each communicate with one square-shaped aperture 22 and with two 
triangular apertures 23 formed in the first oxygen electrode plate 21. The remaining 
square-shaped apertures 29 formed in the first air flow path plate 26 each communicate 
with three reciprocally neighboring square-shaped aperture 22 and two triangular 
apertures 23 formed in the first oxygen electrode plate 21 . On the other hand, the cut- 
outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, formed in the first air flow path plate 26, 
each communicate with one square-shaped aperture 22 and one triangular aperture 23 
formed in the first oxygen electrode plate 21. 

The result is that the air supplied to the nine centrally arranged apertures 41 
formed in the first module retention plate 40 flows into the four reciprocally 
neighboring square-shaped apertures 29 formed in the first air flow path plate 26, 
whereas the air supplied to the circular aperture 41 arranged at an upper mid portion in 
Figs.8 and 10 flows into the two mutually neighboring square-shaped apertures 29 and 
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the cut-outs 27a, 28a formed in the first air flow path plate 26, while the air supplied to 
the circular aperture 41 arranged at the right mid portion flows into the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27b, 28b formed in the first 
air flow path plate 26. Also, the air supplied to the circular aperture 41 arranged at the 
lower mid portion in Figs.8 and 10 flows into the two mutually neighboring square- 
shaped apertures 29 and the cut-outs 27c, 28c formed in the first air flow path plate 26, 
while the air supplied to the circular aperture 41 arranged at the lefl: mid portion flows 
into the two mutually neighboring square-shaped apertures 29 and the cut-outs 27d, 
28d formed in the first air flow path plate 26. The air supplied into the other circular 
apertures 41 formed in the first module retention plate 40 flow into the two mutually 
neighboring square-shaped apertures 22 and the 27a, 28a, 27b, 28b, 27c, 28c, 27d or 
28d, formed in the first air flow path plate 26. Of the air flowing into the square- 
shaped apertures 29 formed in the first air flow path plate 26, the air flowing into the 
four apertures 29 in the mid portion flows into four reciprocally neighboring apertures 
22 formed in the first oxygen electrode plate 21, whilst whilc the air flowing into the 
four mutually neighboring square-shaped aperture 29 at the four comers in Fig. 6 flows 
into one square-shaped aperture 22 and into two triangular apertures 23 formed in the 
first oxygen electrode plate 21. On the other hand, the air flowing into the remaining 
square-shaped apertures 29 formed in the first air flow path plate 26 flows into 
reciprocally neighboring three square-shaped apertures 22 and into two triangular 
apertures 23 formed in the first oxygen electrode plate 21. The air flowing into the 
cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path plate 
26 flows into one square-shaped aperture 22 and one triangular aperture 23 formed in 
the first oxygen electrode plate 21. 

Thus, with the first unit cell 51 according to the present invention, the air is 
supplied through the apertures 41 formed in the first module retention plate 40 to the 
apertures 29 and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the first 
air flow path plate 26, and t h enco then to the square-shaped apertures 22 and the 
triangular apertures 23 formed in the first oxygen electrode plate 21. The result is that 
assembling operations may be facilitated, while oxygen may be contacted efficiently 
with the first oxygen electrode plate 21 to produce an electrical energy generating 
device capable of improving the efficiency in generating the electrical energy. 
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With the first unit cell 51, according to the present invention, it is only 
sufficient to stack the first air flow path plate 26, comprir>ed of inclu ding a lattice 24 of 
13 square-shaped apertures 22 and eight triangular apertures 23 in a regular array, the 
first air flow path plate 26 carrying 16 square-shaped apertures 29 of the same size as 
the apertures 22 formed in the first air flow path plate 26 and the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d, and the first module retention plate 40 comprised of a 
regular array of 21 circular apertures 41, in this order. The result is that assembling 
operations may be facilitated, while air may be furnished by a simplified structure into 
contact with the first air flow path plate 26 to produce an electrical energy generating 
device capable of improving the efficiency in generating the electrical energy. 

Moreover, in the first unit cell 51 of the present invention, the first hydrogen 
electrode plate 1 and the hydrogen gas flow path plate 6 are stacked and contacted 
together so that the points of intersection 15 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are in 
coincidence with the center points of the square-shaped apertures 9 formed in the 
hydrogen gas flow path plate 6 and so that the points of intersection 16 of the lattice 10 
forming the small-sized square-shaped apertures 12 and the rectangular apertures 13 of 
the hydrogen gas flow path plate 6 are in coincidence with the center points of the 
square-shaped aperture 2 formed in the first hydrogen electrode plate 1 , as shown in 
Fig.3. 

Moreover, in the first unit cell 51, the first air flow path plate 26 is tightly 
stacked on the first oxygen electrode plate 21 so that the points of intersection 35 of 
the lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of 
the first oxygen electrode plate 21 are coincident with the center points of the square- 
shaped apertures 22 formed in the first oxygen electrode plate 21 and so that the points 
of intersection 36 of the lattice 30 forming the square-shaped apertures 29 of the first 
oxygen electrode plate 21 are coincident with the center points of the square-shaped 
apertures 22 formed in the first oxygen electrode plate 21, as shown in Fig.7. In 
addition, the first module retention plate 40 is tightly contacted to the first air flow 
path plate 26 so that the center points of the respective circular apertures 41 formed in 
the first module retention plate 40 are in coincidence with the points of intersection 36 
of the lattice 30 forming the square-shaped apertures 29 of the first hydrogen gas flow 
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path plate 26 and so that the points of intersection 43 of the lattice 42 forming the 
circular apertures 41 of the first module retention plate 40 are in coincidence with the 
center points of the square-shaped apertures 29 formed in the first air flow path plate 
26, as shown in Fig. 10. 

Thus, with the first unit cell 51 according to the present invention, the force 
applied to the first module retention plate 40 is transm itt od in a distributed fashion to 
the first air flow path plate 26 and thence transmitted in a distributed fashion to the 
first oxygen electrode plate 21. The force transmitted to the first oxygen electrode 
plate 21 is transmitted through the seal 46 to the first hydrogen electrode plate 1, but is 
transmitted, again in a distributed fashion, to the hydrogen gas flow path plate 6. 
Since the force applied to the first module retention plate 40 is transmitted is 
distributed to enable the uniform force to be applied reliably to the electrical energy 
generating device in its entirety, the first proton conductor film 45 evenly contacts the 
first hydrogen electrode plate 1 and the first oxygen electrode plate 21 to improve the 
efficiency in generating the electrical energy. 

With the above-described electrical energy generating device according to the 
present invention, the hydrogen gas flow path is fonned by the first hydrogen electrode 
plate 1, hydrogen gas flow path plate 6 and by the second hydrogen electrode plate 60, 
such that the hydrogen gas is supphed from the hydrogen gas supply unit 17 into the 
hydrogen gas flow channel formed by the first hydrogen electrode plate 1, hydrogen 
gas flow path plate 6 and by the second hydrogen electrode plate 60 to flow through 
the hydrogen gas flow channel as it is spread two-dimensionally, and as it repeatedly 
contacts the first and second hydrogen electrode plates 1 , 60, as described above, until 
it is ejected through the hydrogen gas ejection unit 19 to outside the first unit cell. 

The air supplied through the second module retention plate 64 is supplied to the 
second module retention plate 62, through the first module retention plate 40, as it is 
spread two-dimensionally through the second oxygen electrode plate 63. 

Fig. 13 shows a fiirther embodiment of the electrical energy generating device 
according to the present invention. In the electrical energy generating device, shown 
in Fig. 13, the seal members 46, 65 are omitted fi:-om the drawing. 

Referring to Fig. 13, the electrical energy generating device is a layered 
assembly comprised including of a first unit cell 51 and a second unit cell 52. The 



89 



surface of the layered assembly, ee mpris ed- formcci of the first unit cell 51 and the 
second unit cell 52, is covered with a water-absorbent sheet 70. Fig. 14 shows an 
embodiment of this water-absorbent sheet 70. Referring to Fig. 14, the water-absorbent 
sheet 70 has numerous apertures 71 through which air may be supplied to the first 
5 oxygen electrode plate 21 and to the second oxygen electrode plate 62. The water- 
absorbent sheet 70 is formed of a water-absorbent resin, such as a cross-linked 
neutralized product of polyacrylic acid. With the water-absorbent sheet, oxygen, 
protons and electrons are linked together to absorb water generated in the first oxygen 
electrode plate 21 and the second oxygen electrode plate 62, for removing the water 
10 from the surface of the first oxygen electrode plate 21 and the second oxygen electrode 
plate 62. 

The water-absorbent sheet 70 is sheathed by a casing 72, as shown in Fig. 13. 
This casing 72 has numerous apertures 71 through which the air may be supplied to the 
first oxygen electrode plate 21 and to the second oxygen electrode plate 62. 

15 The casing 72 is sheathed - shrouded by a sheet cover 75, having both air 

permeability and waterproofing properties, as shown in Fig. 13. Thus, the sheet cover 
75 affords wateFp-Feefaess- watcrproof characteristics to the electrical energy generating (■ 
device. Moreover, since the sheet cover 75 is water-permeable, air can be supplied 
through the sheet cover 75 to the first oxygen electrode plate 21 and the second oxygen 

20 electrode plate 62. Moreover, water yielded on the first oxygen electrode plate 21 and 
the second oxygen electrode plate 62 through linkage reaction of oxygen, protons and 
electrons may be vaporized off through the sheet cover 75. 

In the embodiment shown in Fig. 13, the sheet cover 75 is air-permeable and 
waterproofed so that oxygen in atmospheric air may be supplied efficiently to the first 

25 oxygen electrode plate 21 and the second oxygen electrode plate 62 for reaction with 
protons and electrons. Through the reaction of oxygen, protons and electrons, the 
water yielded on the first oxygen electrode plate 21 and the second oxygen electrode 
plate 62 may be vaporized and removed efficiently, while the electrical energy 
generating device may be improved in w ut erp roofness waterproof characteristics . 

30 Since the water-absorbent sheet 70, which is air-permeable and exhibits 

waterproofing properties, is provided on the inner side of the sheet cover 75, for 
sheathing the first and second unit cells 51, 52, water yielded on the first oxygen 
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electrode plate 21 and the second oxygen electrode plate 62 by reaction of oxygen, 
protons and electrons may be efficiently removed from the first oxygen electrode plate 
21 and the second oxygen electrode plate 62 to improve the efficiency of generation of 
the electrical energy. 

5 Moreover, since the water-absorbent sheet 70 has numerous apertures 71, 

oxygen in atmospheric air may be efficiently supplied to the first oxygen electrode 
plate 21 and the second oxygen electrode plate 62 for reaction with protons and 
electrons. Through the reaction of oxygen, protons and electrons, the water yielded on 
the first oxygen electrode plate 21 and the second oxygen electrode plate 62 may be 
1 0 efficiently vaporized and removed. 

The present invention can be modified within the scope of the present 
invention without being limited to the above-described embodiments. 

For example, the numerous apertures 71 are formed in the water-absorbent 
sheet 70, so that oxygen in atmospheric air is supplied to the first oxygen electrode 
15 plate 21 and the second oxygen electrode plate 62, while oxygen, protons and electrons 
are reacted through these numerous apertures 71 to vaporize off the water yielded on 
the first oxygen electrode plate 21 and the second oxygen electrode plate 62. It is, 
however, only sufficient if the water-absorbent sheet 70 exhibits water absorption 
characteristics and air permeability, without it being imperative to form the numerous 
20 apertures 71. 

In the above-described embodiment, the first hydrogen electrode plate 1 and 
the hydrogen gas path forming plate 6 are superposed on and tightly contacted to each 
other so that the points of intersection 15 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are 

25 coincident with the center point of the square-shaped apertures 9 formed in the first air 
flow path plate 6 and so that the points of intersections 16 of the lattice 10 forming the 
square-shaped apertures 9, small-sized square-shaped apertures 12 and the rectangular 
apertures 13 of the hydrogen gas path forming plate 6 are coincident with the center 
points of the square-shaped apertures 2 formed in the first hydrogen electrode plate 1 . 

30 However, it is not mandatory to have the first hydrogen electrode plate 1 and the 
hydrogen gas path forming plate 6 tightly contacted together in this manner since it is 
only sufficient if the first hydrogen electrode plate 1 and the hydrogen gas path 
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forming plate 6 are tightly contacted together so that each of the pteml multiplc 
apertures formed in the first hydrogen electrode plate 1 communicates with two or 
more of the pktml multiple apertures formed in the hydrogen gas flow path plate 6, 
with each of the pktipal mukiplc apertures formed in the hydrogen gas flow path plate 6 
5 communicating with two or more of the phtral multiplc apertures formed in the first 
hydrogen electrode plate 1 . 

Although the 13 square-shaped apertures 2 and 8 triangular apertures 3 are 
formed in the first hydrogen electrode plate 1, the numbers of the square-shaped 
apertures 2 and the triangular apertures 3 may be set arbitrarily. Moreover, the shape 

10 of the apertures is not limited to a square or triangular shape, but fHxiy-also m ay be 
polygonal, such as a_rectangular shape, or to a circular-fyhape. 

In addition, although the 12 square-shaped apertures 9 of the same size as the 
square-shaped apertures 2 formed in the first hydrogen electrode plate 1, four small- 
sized square-shaped apertures and eight triangular apertures 13 are formed in the 

15 hydrogen gas flow path plate 6, it is not mandatory to have the square-shaped apertures 
9 of the same size as the square-shaped apertures 2 formed in the first hydrogen 
electrode plate 1, such that the numbers of the square-shaped apertures 9, small-sized 
square-shaped apertures 12 and the triangular apertures 13 may be optionally set, while 
the shape of the apertures is not limited to the square or rectangular shape, but may be 

20 polygonal, such as rectangular shape, or to a circular shape. 

It is noted that, in the above-described embodiment, the first oxygen electrode 
plate 21 and the first air flow path plate 26 are superposed on and tightly contacted to 
each other to form the first unit cell 51 so that the points of intersection 35 of the 
lattice 24 forming the square-shaped apertures 22 and the triangular apertures 23 of the 

25 first oxygen electrode plate 21 are coincident with the center points of the square- 
shaped apertures 29 formed in the first air flow path plate 26 and so that the points of 
intersections 36 of the lattice 30 forming the square-shaped apertures 29 formed in the 
first air flow path plate 26 are coincident with the center points of the square-shaped 
apertures 22 formed in the first oxygen electrode plate 21, However, it is not 

30 mandatory for the first oxygen electrode plate 21 and the first air flow path plate 26 to 
be tightly contacted together in this manner since it is only sufficient if the first oxygen 
electrode plate 21 and the first air flow path plate 26 are tightly contacted together so 
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that each of the ^toml ^multiple square-shaped apertures 22 and the triangular apertures 
23 formed in the first oxygen electrode plate 21 communicates with two or more of the 
plwal mulliplc square-shaped apertures 29 formed in the first air flow path plate 26, 
with each of the ptoa 4multiple square-shaped apertures 29 formed in the first air flow 
5 path plate 26 communicating with two or more of the triangular apertures 23 and the 
phfmi multiple square-shaped apertures 22 formed in the first oxygen electrode plate 
21. 

Although the first oxygen electrode plate 21 is shaped in the same way as the 
first hydrogen electrode plate 1, and 13 square-shaped apertures 22 and 8 triangular 

10 apertures 23 are formed in the first oxygen electrode plate 21, the numbers of the 
square-shaped apertures 22 and the triangular apertures 23 may be set arbitrarily. 
Moreover, the shape of the apertures is not limited to a square or triangular shape, but 
may also be polygonal, such as a_rcctangular shape, or te-a-circular-shape. Moreover, 
it is not mandatory that the first oxygen electrode plate 21 be shaped similarly to the 

1 5 first hydrogen electrode plate 1 . 

Although the 16 square-shaped apertures 29 of the same size as the square- 
shaped apertures 22 formed in the first oxygen electrode plate 21 and the cut-outs 27a, 
28a, 27b, 28b, 27c, 28c, 27d, 28d are formed in the first air flow path plate 26, it is not 
mandatory to provide the square-shaped apertures 29 of the same size as the square- 

20 shaped apertures 22 formed in the first oxygen electrode plate 21. Moreover, the 
number of the square-shaped apertures 29 and the number of the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d formed in the first air flow path plate 26 may be set 
arbitrarily. The shape of the apertures formed in the first air flow path plate 26 is not 
limited to the square shape, but they may-also may be polygonal, such as rectangular 

25 or triangular, or m ay als o b e-circular;T while it is not mandatory to provide the cut-outs 
27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d shown in Fig.6. 

Although the first module retention plate 40 is tightly contacted to the first air 
flow path plate 26 so that the center point of the circular apertures 41 formed in the 
first module retention plate 40 are coincident with the points of intersection 36 of the 

30 lattice 30 forming the square-shaped apertures 29 of the first air flow path plate 26 and 
so that the points of intersection 43 of the lattice 42 forming the circular apertures 41 
of the first module retention plate 40 are coincident with the center point of the square- 
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shaped apertures 29 of the first air flow path plate 26. However, it is not mandatory 
for the first module retention plate 40 and the first air flow path plate 26 to be tightly 
contacted together in this manner since it is only sufficient if the first module retention 
plate 40 and the first air flow path plate 26 are tightly contacted together so that each 
5 of the ^4um lniuhiplc circular apertures 41 formed in the first module retention plate 40 
communicates with two or more of the pktfalmultiplc square-shaped apertures 29 
formed in the first air flow path plate 26, with each of the ]>lura4 multiplc square-shaped 
apertures 29 formed in the first air flow path plate 26 communicating with two or more 
of the plum lmuliiple circular apertures 41 formed in the first module retention plate 
10 40. 

Although 21 circular apertures 41 are formed in the first module retention plate 
40, in the above-described embodiment, the number of the circular apertures 41 
formed in the first module retention plate 40 may be set arbitrarily. The apertures 
formed in the first module retention plate 40 are not limited to circular shape, but 
15 square-shaped, rectangular or triangular apertures may be formed in the first module 
retention plate 40. 

Although the first hydrogen electrode plate 1 is formed of stainless steel, it is 
not mandatory to form the first hydrogen electrode plate 1 of stainless steel, such that 
it may be formed of hastelloy, nickel, molybdenum, copper, aluminum, iron, silver, 
20 gold, platinum, tantalum or titanium, or alloys of two or more of these materials. 

Although the hydrogen gas flow path plate 6 is formed of polycarbonate, it is 
not mandatory to form the hydrogen gas flow path plate 6 of polycarbonate, such that 
the hydrogen gas flow path plate 6 may be formed of acrylic resin, ceramics, carbon, 
hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, iron, silver, gold, 
25 platinum, tantalum or titanium, or alloys of two or more of these materials. 

Although the first oxygen electrode plate 21 is formed of stainless steel, it is 
not mandatory to form the first oxygen electrode plate 21 of stainless steel, such that 
the first oxygen electrode plate 21 may be formed of hastelloy, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum or titanium, or alloys of two 
30 or more of these materials. 

Although the first air flow path plate 26 is formed of polycarbonate, it is not 
mandatory that the first air flow path plate 26 be formed of polycarbonate, such that it 
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nmy~also mav be formed of acrylic acid, ceramics, carbon, hastelloy, stainless steel, 
nickel, molybdenum, copper, aluminum, iron, silver, gold, platinum, tantalum or 
titanium, in place of polycarbonate. 

Although the eight rectangular pins for electrode interconnection A to H are 
formed on the four sides of each of the first hydrogen electrode plate 1, second 
hydrogen electrode plate 60, first oxygen electrode plate 21 and the second oxygen 
electrode plate 62, the number, shape and the forming positions of the pins for 
electrode interconnection A to H may be selected and determined in optional manner. 
It is not mandatory that the eight pins for electrode interconnection A to H be formed 
on the four sides of each of the first hydrogen electrode plate 1, second hydrogen 
electrode plate 60, first oxygen electrode plate 21 and the second oxygen electrode 
plate 62. 

Indeed, akhough the present invention has been described with reference to 
specifjc embodiments, those of skill in the an wi ll reco.o ni/e t hat changes may he 
made thereto without clcpartiim from the spirit and scope of the present invention as set 
forth in the h e reafter appended claims. 
fndu^yt:r4arl-A ppH^xjbi4i4y 

As--dee Kri bed ~-iitee^^%--4h e presen t — im-eHHoH pr o v H^le^arB — ele<^ea4 — energ-y 
gener-atag-<4ev4e<>-h^^4H^sui^eri 

si:^Pi>ly-a^efgen in at mospheric a ir to th e oxygen e l a e^d e to vapor ize off the yi el ded 
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ABSTRACT OF THE DISCLOSURE 
An electrical energy generating device is di s closed which is able to supply 
oxygen in atmospheric air efficiently to an oxygen electrode and to vaporize water 
yielded off efficiently, and which is — lias superior waterproo f cha racten stic ffl 
w utei ^^roof n es s . The device includes a p luralit y nuinbcr of cells each having a 
hydrogen electrode plate, a proton conductor film and an oxygen electrode plate, and a 
sheet cover 5 which is air-permeable and waterproofed and which shrouds each cell. 



96 



